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PREFACIC. 


Chapter IV deals with Plumbing in its Relation to PreventabU 
Disease and with the Municipal Control of l‘Uunl)iii>j. 

Chapters V and VI deal with the prohlcin of the Supply of Watei 
to Buildings. While Chapter V refens to Residences, (’Imptor VJ 
is devoted to the very important subject of the water Mipply of l.-u-.r,. 
structures and of the Modem High Buildings. Features wliidi 
apply solely to the water supply of country houses are excliideil from 
. consideration, because they form one of the subieets of anoflu-r 
book of the author.* 

Chapter VII deals with the Maintenance of Pipe Systems for 
Water, Sewage and Gas, and is prepared chiefly ft»r the use of man- 
agers of institutions, superintendents of buildings, huusehol(ler.s 
and real-estate men. 

Chapter VIII contains a complete set of Rules repre.senting the 
best modern practice regarding Plumbing, Water Supply and Sewer- 
chiefly with reference to hospitals and large public Institutions, 

though the substance of the rules is also applicable to other clas.se 8 
01 buildings. 

T Photographic Views and Text lUustrations, and the 

a es and Diagrams, relating to water mains, service pipes lunisa 

ZZTTT '* " ““h “ 

nej of the book. For some of these illustrations the iiullior is 
fcLis° X'lT ? ■>' kl'lmralus, «n,l in 

-nder'the autSts' 

Appeudii A gives a Defioidoti of Terms rclatiliB It, «u.ii„v 

«^eemg «cr supply, sewerage aud plumbing. 

naoitations from crude and imperfect bcginning.s to the ureson. 
day practice, is briefly reviewed in Appendix U ‘ 

^Bineers will 

fegirdkg the murids L 

conditions, which wiU be fouiS^ureful ««nt;ral contract 

^ the preparation of plumb* 
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ing specifications. This reminder is the outcome of nearly thirty 
years’ practical experience of the author in the preparation of speci- 
fications and in the superintendence of such work in buildings. 

Several useful Conversion Diagrams, prepared by the author, are 
given at the end of the volume. 

New York, October, 1909. 
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THE WATER SUPPLY, SEWERAGE AND 
PLUMBING OF MODERN CITY 
BUILDINGS. 


CHAPTER I. 

THE ESSENTIAL FEATURES OF THE HYDRAULIC AND SANITARY 
ENGINEERING OF BUILDINGS. 

The Sanitary and Hydraulic Engineering of Buildings comprises 
the sewerage, the removal and disposal of waste matters, the water 
supply, the lighting and ventilation, the plumbing work, the sub- 
soil drainage, the dryness of foundation walls and of cellars, and 
in the case of rural houses the sewage disposal. 

In its application to special buildings it embraces the sanitation " 
of schools, hospitals, prisons and military barracks, and of abattoirs 
and market houses; the equipment of public baths; the fare protec- 
tion of institutions; the safety measures for theater audiences; the 
sanitation of factories, workshops, summer hotels and resorts; and 

also railway and ship hygiene. ^ 

Architects are now recognizing the value of the services rendered 
by engineering specialists, and consider their work allied with their 
own profession. It is obvious that the plans and specifications 
prepared by a sanitary engineer must necessarily be more com- 
plete and exact than those of architects, who are expected to write 
the specifications for the work of a great many different trades, 
and who, in the nature of things, cannot be equally proficient m 

all of them. 

But of even more importance and advantage than correct plans 
and specifications is the expert’s personal superintendence of the 
work. Inasmuch as he looks after only one or a few special branches 
of building construction, he is much better able to give undivided 
attention to their numerous details, and to the thorough testing of 
the work during construction and after completion. 



the water supply. s1':\vi;ra<i!-, ani> 


t>lumbing in large buildings nspiin- a g-sul .l.'iil ui praUical 

sanitary plumbing ... tin- .ubj.-t a.ui ... .h,- city 

experience regulations j.erlaiuiiig to U. I he .-anitury 

ordinances, law , (on,iliar with hy.lratilie ami -a.iitai) engiueer- 

TburhfshouWknow something of stVmtu.al engineeiing ami „f .he 
of materials to he usc'd h. the work, .iml also !«• eunversant 

S'" 

slumU .-pi.. O,,-,. .1,, - 

r«: .« ^ 

“2; It'hXMn*. .!»■ I". "I". I; i' " 

rs* 

A thorlugh preliminary study of tliese (eiUures a.Il enuhh- him to deeule 
upon the number of plumbing applinuees re., ...red a.id u...... the types 

which are the best to use in each individual uise. 

The number and location of plumbing hx.t.re-, being de erm.ned 
the next step is to consider the minimum spnee re.,mred for them, and 
to lay out the futures on the plans in lonstdiainm with the ardutect 
so that they may be arranged to the best adviinUtge. 

For each type and kind of fixture the roughing meaM.remenlH Hlumld 
be obtained and the fixtures as well as all pi,H. lines ,, lotted on the plans 
in accordance therewith. Proceeding in tins way. many wi.ous errors, 
due to the unfamiliarity of arehiteetural draughtsmen with such work, 

When actual construction has begun, the ex,wrt assists the an hilt rt 
in the inspection of the materials, su,HTvises all re.,mred tests, l.wks 
to careful workmanship (alignment, jointing, sHp,«.ttm)'. napping, 
venting), sees to it that the work confomiH m the plims and iltcation, 
makes sure that work is exixwd where mi wanted and ihit w tea- 
intended to be concealed it conforms to the re.piirements hetme tt is 
covered up, looks after the nece.ssary protm timi .d tmidied work, and 
at completion tests the working of all appliances and the eitiueney o 
. the water and sewer systems. 

In this way the expert’s services Ueeome invaht.tble n* the art intet 

and to his client. 


and installation of a water service, sewer system and of 


An important branch of the work of llu- saniuiry mip.itwfr iTktcs 
to the sanitary inspecUon of old and of new buildings and of pn)- 

posed building sites. 

In a paper on “Sanitary Houses tiiitl iiow to Si-U-t ! ‘ bu-,’’ writum 
by an architect and quoted in Huslitck's hook, “S.uiitury i onstruc- 
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tion in Buildings,” the importance of the subject is pointed out as 
follows: 

“In the olden days a habitation was merely a place to dwell in. In 
primeval times it might be a cave, with a few rough portions of rock 
placed before the entrance to act as a door; or it might have been a hole 
in the ground, with simply a few branches of trees covered over it to 
act as a roof; or it might have been an abode built in a tree, composed 
of nothing but branches twisted together, after the manner of a bird’s 
nest, and probably suggested by it. All these, in the different climes, 
have been used as the home of man. 

“But necessity and the progress of civilization demanded a means 
of shelter more adaptable to varying circumstances, and the one-roomed 
hovel was built of rough stones, piled one on the other in rude unshapely 
masses, the crevices being filled with ihud to keep out the wind and rain. 
Advancing further, the single room was made into two, then one was 
built above the other, mud was replaced by mortar, and bricks took 
the place of stones. One change brought another, and the house grew 
and increased step by step and stage by stage. 

“But, while civilization increased, and in nearly every science rapid 
advances were made, the science of sanitary building construction lagged 
' woefully behind. Houses were built without reference to their sur- 
roundings, and regardless of proper means of drainage; no attention 
was paid to the circulation of air, nor to the nature of the subsoil; and 
as dwellings became more crowded in the vicinity of towns, unsanitary 
conditions increased both in number and in intensity. ” 

Drainage of Town Houses. — In town houses, the requirement of 
thorough sanitation has come to be regarded as of so much impor- 
tance that the installation of plumbing and drainage appliances, 
the connection with the street sewer, the provision for ample ven- 
tilation, etc., are made subject to municipal rules and reflations 
and to official inspection and supervision. The practice is, there- 
fore, quite different from that of country-house work. 

Owners of country houses are left to decide upon sanitary matters 
themselves, unless they choose the wiser course of seeking the advice 
of professional men, experts in their various branches. The 
health-favoring natural conditions of country life can be enjoyed 
in a perfect manner only where country houses, their surroundings, 
their water supply and sewerage are thoroughly sanitary. 

The sanitation of the house is a most vital problem, f uaUy 
essential and impprtant in the case of city and of country buildings. 
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Wt^-mTTPMFNnS til' SaNITM-ION in lK\l,l,l.lNt5S, 
Essential Requiremi,m ^ 

The sanitation of modem city buiUiiuRS nmii.ii.-s a r.ivat many 
.n,rmts each of which has a IHTuliar uHiH.rlancA. ol ns own. 

are briellv meiUioiuHi. altlu.ur.h thov do nm iK-long 


Some of these are briellv menlumed. alitun,,,. i loy uo lua ooumg 

t ie scope of this book. Ml loovowr, must be 

suitably observed or full died. _ 

The essential conditions of healthfulness are the full.m 
I The building must be locate<l on a_ pn-j-er mT I h.s shoul.l 
be either naturally dry or rendered so artilu ially l.v .t.U-.iu.it* imder- 


house should have a dry, liglH ami well ventilalwl cellar. 


Ti^is serves several useful purposes, viz.; 


(a) It contains the healing appamUH und die headiiK pil«'H; 

(J) It contains the main dniimige >.y-leiH l»r die pluiiil.inK of the 

W A part of the cellar i.s .>iul>divided inm hint ,»f Miilidile mw to hold 

the fuel for the kitcheu rittige, liir Iirri4iiir^ iiit4 the hctUtlg 


(d) It to separate well-arninged i-mnp.ifiiueiiH lor die atorage of 

provisionH, and 

(e) A separate wine cellar. 


3. The superstructure of the house must he dry. Dampness of 
walls, which is so prevalent in many houses, is a tu-11 Known cause 
of ill-health. Damp basements, in parlieular. are an ahonunation 
not to be tolerated for an instant. 

4. The building should have a sanitary system of hon-.e ilramage 
and plumbing. This does not comprin- nu-reh. a-, layinen are 
prone to think, the plumbing appliam es. in the selei non ot which 
there is nowadays less trouble than in former limi-'. ov.mi', to I le 
excellent character of the many types of saniiart iainres manu- 
factured in this country, but it imludes what )■■ reall;. ra lly more 
essential, namely, the safe trapping of all t'lMiiir;. and the correct 
arrangement of all drain, soil, waste and u-nt pipe- . 

S- Houses should be provwled with an ahsimlatd ripply of pure 
and wholesome water flowing er'erywbere undn a h.ood prevtire. 
For laundry, bathing and general ablution piiriio e . provi .am luusl 
be made not only for cold but alno for hot water. plenti 
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water service, available under high pressure, furnishes a splendid 
and much-needed fire protection, which is required for city build- 
ings not less than for the country mansions located miles away from 
the nearest village lire department. 

6. All habitable rooms of the house, and in particular the sleep- 
ing-rooms, should be efliciently ventilated. For winter occupancy 
the building should be well heated, and living-rooms and halls 
should be kept at a uniform temperature. All rooms should be 
well-lighted in day time, and the artificial lighting system provided 
for the evening hours should be safe and free from any sanitary 

objection. . u m 

y. The storm water from roofs, areas, courts and yards snoula 

be efficiently removed, and drippings from roofs, balconies or from 
porches, tending to keep the foundation walls damp, should not be 
tolerated. If there is a tendency of water accumulating in the 
cellar, this should have proper drainage. The cellar drain 
should not be directly connected with the sewerage system of the 

house. 

8. The house should have a perfect sewerage system, by means 
of which all liquid household wastes are instantly removed from the 

building. 

9 All garbage, kitchen offal or other solid waste matter and 
refuse, not intended to be, or not capable of being, removed by the 
house sewer should be promptly and regularly removed and dis- 
posed of in a safe and sanitary manner. 

10 The sewage from the house should be run to the street 

sewer-; in outlying unsewered city districts a proper sewage-dis- 
posal system, rendering the sewage innocuous, should be planned 
and carried out. I.eaching cesspools and privy vaults should not 
be tolerated on city iircmises under any circumstances. ^ 

II. If there are any minor buildings, such as a stable or, in the 
case of suburban houses, cow barns or other buildings where domestic 
animals are kept, these should have simple sanitary arrangements. 

It is a mistake frequently committed by owners to economize in 
the matters of water supply, house drainage and sewage disposal. 
Purely ornamental features of the residence may be omitted until a 
more opportune time, wfiere economy must be practiced; but under 
all circumstances one should feel sure that the water supply is un- 



g the water SUI’REV, SKWKRAiil’’. AND 

contaminated, that it is preservcl and niainlainnt in a_,mrc con- 
dition and that the sewage from the house is .iispuM-d nl a proper 
manner, and in such a way as not to give in the eourM- ol time, 
offense to sight or smell, or to cause pn-ventahh. .1 nes.. 

Drainage of Building Sites. - In all those in: 4 aiua*s uliere the 
soil holds an excess of moisture, or wliere there are spriug.s within 
or near the foundations, the building site must he underdrained. 
This is an important requirement for the sduluitr ot habitations. 
The drainage of sites is accomplisheil by the um- ut porous or un- 
glazed round drain tiles, which are made in si/.es Irom , 4 to 0 uu lies, 
md in one- and two-foot lengths. 'I’hese drain tiles an- laul with 
open joints in prder to gather the water, the joints iH-iug protected 
against obstructions by pipe collars, or else by plain inudin wrapped 
around the joints. Formerly stone drains were used f,.r this pur- 
pose, but it was found that tliey up and were not self- 

cleansing. Drains are laid in generally parallel lines, at distances 
varying from 20 to 50 feet. Lateral drains, fioin J to .j inihes in 
diameter, are connected with the larger main tirains, wbieh should 
not connect with foul-water sewers. 

In the case of detached houses, in the suburbs or the country, 
the drain outfall may go to an open roarl ditch or to a water course. 
In city houses, however, usually no outlet for the subsoil water 
other than the house sewer is available. ‘I’be subsoil drain nuist 

therefore be properly trapped to prevr-n! gases from the soil pipes 

or the sewer from gaining access to the drains; the water sen! of the 
trap should be permanently mainlainerl by introdiu ing a roof-water 
pipe, or by other special devices. 

Foundation Drains. — To secure dry foumfation walls, tih- flrains 
are laid along the footing courses and the drain item h is tilled with 
broken stones and gravel. For bouses on a hilh ide, ,i f'ood plan 
to secure dry walls and dry cellars consists in building a drain 
above the upper side of the house, width ittnutepls sub. oil iUKl 
surface water, and which conveys it arouial the building, ttnvarti an 
outlet below the house. 

Excessive moisture in the scdl untier habilathite', damp fmmda' 

• tion walls and wet cellars are the c:uws t»f pnlnjonar) di-eases, 
consumptioij, diphtheria, malarial fever, etc. The drainage uf a 
house is therefore just as important as its sewerage. 
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Removal of Storm Water. — In a wider sense, the term “drain- 
age” includes the removal of storm water, from roofs, areas, courts, 
yards and balconies of buildings. The roofs of habitations are 
drained by means of the gutters, the conductor heads and the leader 
or conductor pipes. These pipes are placed either on the outside 
or on the inside of houses. 

In cities which have introduced the “separate system of sewer- 
age,” the rainfall is excluded, partly or wholly, from the sewers. 

A special pipe system for leader and yard drainage is, therefore, 
required, and the roof water may be conducted into storage 
tanks or cisterns. In other cases the rain water is carried away 
by special rain-water channels. In those cities which are sewered 
on the “combined system” the rain water is carried off by the 
same conduits which receive the house sewage, and in all 
such cases the leader, yard and area drains should be efficiently 
trapped. 

Road and Street Drainage. — A system of road or street drainage 
accomplishes the removal of the water falling upon the roads and 
the streets liy means of paved and graded gutters, by road boxes, 
street catch-basins and underground conduits. 

Country-House Drainage. — The term “country-house drainage” 
is often imprc)])erly used to designate the method adopted for the 
removal and disposal of the sewage from country houses. Thus 
the sentence “a house drains into a cesspool” is intended to mean 
that the sewage is delivered into an underground hole or sunk pit, 
generally bricked or stoned at the sides and covered at the top, 
in which the solid or liquid waste matters from habitations are 
temporarily stored. 

Cesspools. — Ojicn or leaching ces.spools pollute the water of springs, 
of wells and of cisterns, and frequently become the cause of typhoid 
fever Water-tight cesspools, if not located too near to a dwelling, are 
sometimes unobjectionable, but the frequent pumping out which they 
require, is troublesome, annoying and expensive. In the denser parts 
of cities, cesspools should be absolutely prohibited by Board of Health 
rules- for outlying districts of cities which are not included in the 
general sewerage system, cesspools may be tolerated as a temporary 
measure, but they should be constructed water-tight, and enaptied at 
freciiient intervals, and this should be done under special Board of 
Health regulations. 





Sewage - '.iK-im* di^^lriit »‘l wh, h 

from isolated ^ ,)..■ , „ 

,ot located close th.- .un,... ,., 

notinreachofsem-rs..sl;^ « 

face irrigation sjstems. j’ „ ani.on.itd 'liih.iti ■ 

tank and is discharged, by «H.in- "i * 

ri or conduit which U-atU m a d «»1. 

is distributed over tlie tu»d. .ui the -hi.h. , o, Mj,. 
u k or else it is discharged ini.* iH-t-n* ai. .«>( 

r*c:4uh,ii™-swi ..." 

to i6 inches below tlie surface. 

Where land for scnvage dis,«.M.l is »..t tua. .d-l. . a «■"’ 
be effected liy some of the modern b...!..(*,.. al s^ -.i, 
the use of septic tanks htr a prelttmmuy p.mm atn.n, at 
filter beds and of gradating or trnklmg idiet . ..i a n 
^raiment of the sewage. This st.bie.t treate.i re 

works of the author. (See list at end o( b....k . 

Agricultural Drainage. ^T!„- art uf r urryittg r-.f s. 
from swampy districts, fr«m hiir.l day m.iIs. t.r fi..in 
to excessive flooding during rainy weafltt i , »' usu.iU 

“agricultural drainage"; U is td ntudt l.. vegrl 

crops. , .,11 

House Drainage. -Im liuieti in ilu- u r.n btits.' .1 

all the arrangements retinired in lialiifaii.tnH f.tt the re 
sewage and the befouletl wafer stippU. A d-ertly r.-i 
wastes is desirable, and to aat.i«i.li4> it sy..tein . «• 
waste and vent pipes anti of plumiting lixititcN « itb tr; 

appurtenances, arc retiuiretl. In many t.iM-. lim i 

removal of storm water from natfs, y.irtl*.. ixiiit.. .t 
included in the system. 

Of late years, house drainage Itan inn mm- m b 
factor in the interior etiuipment t*f Iniiltiing.' a.* !*• te 
able or preferable to leave the Mib|eil it. Iw- dralt will 
and skilled civil engineers wlio make a >}«•» iaity "t .ai 
Objects and Essentials of a Houae-Drninitgr System 
objects of a sanitary housedrainage »y^u iH at. tb. ) 
(fl) To remove from a builtling as tapi.ib. an.l 
possible and as soon as produced all liijtiiti » ssirn am 
capable of being transported by waUi. imbs'i!!!.' 
without any pollution of the soil or of tltf « at* i '.’'.pS 
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(b) To effect this removal in such a way that no sewer air, whether 
from the street sewer or the house pipes, can gain entrance to the 
interior of a house through the outlets of fixtures or at any other 
point or place, and that the air around the house may not he con- 
taminated with noxious gases of putrefaction. 

To accomplish the objects stated, it is necessary to provide and 
install sanitary ijlumbing appliances, connected with a well- 
arranged and perfectly ventilated soil-pipe system; the fixtures and 
waste pil)es should be safely trapped; the drain-pipe system should 
be both air and water tight; the traps and pipes used should be of 
proper material, sixes and thicknesses; the drains should be laid 
with a proper fall to render them self-cleansing, and should 
have branches and junctions properly made to prevent stoppages. 
The .perfect accessibility of all parts of the system for the 
periodical inspection, cleaning and testing operations is an essen- 
tial reciuircmcnt. * 

Gknerai- Arrangement of the System of House 
Drainage. 

The illustration, Fig. i, shows in general outlines the manner 
in which the drainage of a house should be arranged in accordance 

with iiioclcrn ])rincii)leH of sahitation. 

Sewer Connection, — Every building should have a separate and 
independent connection with the sewer in the street. 

House Sewer. --Where a proper foundation of either earth or 
rock can be obtained, the house sewer, connecting with the sewer in 
the street, may consist outside of the building of glazed vitrified or 
stoneware pipe. But in made ground or where there is danpr of 
settlement of the pipes, the house sewer from the building line to 
the connection with the street sewer should be of heavy cast-irori 
pipe with lead-calked joints. In all cases the vitrified pipe should 

terminate about five feet outside of the walls. 

House Drain. — Inside of the building the house drain should be 
carried, wherever possible, above the cellar floor, and be supported 
at intervals of about ten feet by brick piers; in some cases it is sus- 
pended from tlie ceiling by means of heavy iron pipe hangers. 
When laid underground, the house drain should consist of heavy 
cast-iron pipe; but where run above ground, it is sometimes made 
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of tarred, galvanized or asphalted wrought iron, with screw joints 
and recessed drainage fittings. 

The house drain should be run as direct as possible, and with a 
minimum fall of one-quarter inch per foot. Proper fittings should 
be used for changes in direction, and connections with vertical soil 
and waste lines and with leaders should be made with Y branches 
and one-eighth or one-sixteenth bends. Full-size Y and Tee- 
branches with openings closed with brass screw caps should be 
provided as clean-outs. 

Sizes of House Sewers. — The diameter of the house sewer 
depends chiefly upon the grade or inclination given to it and upon 
the number of plumbing fixtures in the building. But where it 
also receives the rain water, the size of the lot to be drained and 
the amount or rate of rainfall govern the size. 

In Greater New York, for instance, the sizes of house sewers 
are determined upon the basis of a rainfall at the rate of 6 inches 
per hour, and it is assumed that the house sewer runs nearly full, 
with a velocity of at least 4 feet per second. 

Table I gives the area of lots drained by different sizes of pipe 
according to the above data. 


TABLE I. 


Diameter of Pipe 
in Inches, 

Grade of Sewer 
per foot. 

Grade of Sewer 
per foot. 

4" 

2000 sq. ft. 

2500 sq. ft. 


0^ 

0 

8 

4500 “ 


5000 “ . 

0 

0 

TO 


6900 

1 XO3OO ‘‘ 


i “ 

13600 


1 11600 

1 17400 


It is not, however, always necessary to provide for such extreme 
amounts of rainfall. Generally, small houses are satisfactorily 
drained by 4-inch sewers; a 5-inch sewer answers for a large city 
house, and 6-inch sewers are required only for very large buildings. 
An empirical rule requires i square inch sectional area of house 
drain for each 15 gaUons of sewage or roof water per minute. 
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Discharge of House Drains. — The comparative smoothness of 
the inside of house drains has an influence upon their discharging 
capacity. Smooth vitrified pipes deliver more water than rough 
cast-iron piiies. Table II gives the discharge in U. S. gallons 
per minute of smooth vitrified and of rough cast-iron pipes of differ- 
ent diameters, laid at various grades, and running full. 

Where sufficient fall cannot be obtained, flushing arrangements 
should be provided. House sewers should have tight joints to prevent 
leakage and contamination of the soil under and around habitations, 
or the pollution of the drinking-water in wells in the country. 

Main Running Trap and Fresh-air Inlet. — - A running or house 
trap should be placed on the house drain near the front wall and 
be kept accessible by means of a manhole with iron cover. This 
trap should have two clean-outs with brass screw caps, one on each 
side of the water seal. 

A fresh-air inlet pipe should connect with the house drain on the 
house side of the trail and be extended to a point outdoors at least 
fifteen feet away from a window or from a cold-air box or conduit 
for the heating apparatus. Where practicable, the fresh-air inlet 
should terminate one foot or more above grade level, and be fitted 
with a quarter bend with brass strainer (such as Desper’s fresh-air 
inlet .strainer). In many cases this desirable arrangement is not 
feasible, and the fresh-air inlet is made to open into a brick or iron 
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Sizes of Leaders. — The usual sizes of UsMb r pipes .i . .p i, 

and 6 inches; larger sizes are rarely used. Hu » mim U'i 

number of vertical leaders for a given r««>f area < » 

by hydraulic formula. 
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Thus a roof 75 feet by 50, or 3750 square feet area, would require 

in the one case = 2 square inches, and in the other ^- 5 - = 
150 "■ 250 

15 square inches leader area, or in one case a 6-inch, in the other 

a 4i-inch pipe. 

Location of Main House Sewer. — It is the better practice to carry 
house drains e.x:posed above the level of the cellar floor; hence 
plumbing fixtures located in the cellar should be avoided.. The 
drain pipes should consist of heavy iron pipe, either cast-iron 
plumbers’ soil ])ipe or heavy screw-jointed wrought-iron pipe. Cast- 
iron j)ipcs above the cellar floor should be left unpainted and 
untarred, for tlie paint and the tar cover up sand holes and other 
defects. The wrought-iron pipes are protected against rust by 
asphalting or galvanizing. 

Junctions and connections should be made with Y branches, 
for right-angled or Tec connections imiiede the flow and tend to 
create stopirages. Changes in direction should be made under an 
angle of 45 degrees. No short quarter bends should be used. 
Cleaning hand-holes should be provided at traps, bends, junctions, 
and at the uiqjcr ends of the lines. 

Soil and Waste Pipes. — The soil and waste pipe system of 
buildings consists of extra heavy cast-iron pipes, or of steel or 
wrought-iron i)ipes, or finally, though only in rare cases, of brass. 

' The wrought-iron and steel pipes are galvanized, and special 
heavy cast or malleable iron recessed drainage fittings with 
a smooth interior waterway are used with them. The joints of 
cast-iron pij)e are calked gas-tight with molten lead and picked 
oakum; the joints of wrought-iron, steel and brass pipes are screw 
•joints. 

The advantages of a screw-jointed soil and waste pipe system are 
rigidity, permanent tightness of the joints, and fewer joints, as the 
l)ipes can be used in long lengths. In large and in high buildings 
the screw-jointed system is now generally preferred, but it is also 
used in many of the best modern city residences. 

Sizes of Soil and Waste Pipes. — Table III gives the usual sizes 
of soil and waste pipes and of the lateral branches for the 
fixtures. 
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in Tenements. Fuflories, Selmnls. H.r,i.ital-. 
for Insane, ete. 


Waste Pipe s in Dwellings. 

— n n~~VB ^ildin~^f m ore tluin 4 

Bmnche sfoTWater-d^ ■ • ■ 

Slop Sinks.. ••• 

“ Kitchen Sinks ■.‘• I' ' ‘ ‘ ‘ ' ' 


Pantry Sinks. 
"B^h Tubs. . 


t " 

» 

% 


■“ Spray, *1*'**" ‘ ’ 

~^r~p^t Tubir Sity. I'ubs, Hitlet s . . . . . 


“ Single Wash Basins, . 
“ Row of Wash Basiiis. . 


s'erof Laundry 'I'ub 


Each Washtub, , , 


One Urinal. 


! ij 

'i. 
! ^ 

1 y 

1 'i 
1 ‘i 

I ■» 

1 


Row of Urinals. , 

TmTuiTinals in niche form, and Tr.nigli 
Urinab. . . 

Roof Extensions. -To prevent any pressure of air iit ihf pipes 
and to ventilate the system, all soil and waste pipes are «tendc< 
in full size up to and at least two feet above the too . di 
extensions at the roof should always be earriei! either in a ver- 
tical line or by ofTscts, tis shown in Fig. p. 1 w; 

mouths of the pipes on the roof should not be capped with covvls, 
return bends or with vent caps (Fig. io| all of whiih impede ru* 
ventilation. It is best to leave the pipe mmitlis wide open and 
unobstructed. The pipes should be kept awii)- from light shafts, 
from windows, chimney flues or ventilating openintD. Iht stai 'S 
should be carried as straight as possible ihrmip.h the building. 
On all floors the proper fittings shouhl be provided for tixturc 
connections. The necessary offsets in soil pipes above the highest 
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fixtures, and all offsets in vent pipes, should be made at an angle of 
not less than 45 degrees to the horizontal, to prevent the lodgment 
of rust in the pipe. 




Fig. 10. Objectionable 
Forms of Vent Ter- 
minals. 


Branches for Fixtures. — I.ead waste pipes of heavy weight are 
used only for the short branches connecting the fixtures with the 
soil and waste lines. Where practicable, the fixtures should have 
separate connections to the vertical stacks. 

Plumbing Regulations. — In many cities, plumbing is now gov- 
erned by regulations and watched over during construction by city 
inspectors. The enforcement of official plumbing regulations and 
the municipal inspection of plumbing are matters of much impor- 
tance and will lie dealt with in Chapter III. 
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Tests of Plumbing. — Ml '«irk shuiil.i \n- !»• -u-a •... .-.iianl against 
defects in material or workmanship. Tlu' ..ai, drain, uaste and 
vent-pipe system, or the "rouRli wi.rk” m m-w huilduup,, is tested 
under hydrostatic pressure hy eiusinp, all uml.-. - hetniv the ti.xtures 
are set and filling the pii>e system with water, I he . umphde work 
is again tested bv an oil-of peppermint te>t or In a smoke test. 
Such tests are also useful in the e.xaminati.m ul the .iramar,e arrange- 
ments of old dwellings. _ , , 

Smoke Test. — There are several elh. tent smoke testing machines 
in the market and some of tl»e be^ kiunvii are illu anued in my 

book ‘‘Sanitary Engineering <>f Bitildingx"^ 

In Fig. IX I illustrate tin* " li-Niirig mmiiiiM.*, wliich is 

one of the latest intrutluced, tind whit h I have found free from 
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complications, reliable in operatani iiiiil in ailiuin It h 

compact and durable in construction, the bod) lieing made entirely 
of copper with riveted head and hnitom. and the in 4de ehainber 
of heavy galvanized sheet steel. It is easily Inuidled tind e:ui be 
readily carried through a house. 

The smoke generated in this maehine is fon i-d into ail parts of 
the soil, waste and vent pijtes hy a brans forie pump whit h is easily 
operated, and which maintains any pressure de'dred in the pipes 
after they are filled with smoke. 



Application of the Smoke Test. 


of the macliinc are readily accessible for cleaning, and none of the 
working parts arc liable to clog up. 

'I'hc machine can also be used for disinfecting purposes by sub- 
stituting for the chamber in which the smoke is generated from burn- 
ing tar i>apcr a separate chamber containing the required chemical 
disinhtetants. 

'I'he practical apidication of the smoke test for testing the drainage 
of buildings is shown in Fig. 12. 
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CellM Drainers. -When small ol . Iran .<»(«, .,7 vofc, 

are to be removed by liWnR then, nf l" ihe hs.,l,vr v«,t level, 
Lole cellar drainers are usetl, >vh«'l> K™, -rally .,,.erale by evitet 
pmLe. though sometimes hish pressure steatn ,s used eon- 

nection with steam ejectors, ^ 

The Braender cellar drainer has the fi.lU.wmK t upat ities with a 

maximum lift of 12 feet. 

• No. I. 375 gallons per hour. 

No. 2. 600 gallons i>er hour. 

No. 3. 127s gallons per hour. 

It requires for every foot of lift about 5 P<mnds pressure. I he 
Kemp “Climax” cellar drainer operates with a water pressure of 
IS pounds or more, and the sizes and eai-aeities are given in the 
following Table No. I V. 

TABLE IV. 

Capacities of Cellar Drainers. 


Sizes. 

Capacity itk Gallon 
per Hour. 

I 

50 to 250 

2 

100 to 400 

3 

I 150 to 600 

4 

1 200 to Hoo 

s._„. 

1 275 to 1000 

6 

3t;otOI200 


SL*«i of Supply SizB tif IHneharg# 
in Iiichrs. in Inchw. 


I 

i 

I 

I I 


i 

• 1 

• s 

3 

4 

I 


The water pressure retptired ranges frt»m 1 1; to Ko puuinh, tuul tite 
lift from 6 to 12 feet. 

Sewage Pumps and AuTftM.vnf Siavaoi: l.ti th. 

The foundations of many mwlern eity ImildiiiftH lemli mi deep 
below the street grade as to render it imp»H>ib!e to di.un the !owet.t 
fixtures or the lowest floors by gravity flow to the street .ewer. In 
such cases recourse must be hail to the pumping of the aewage, anil 
this can be accomplished in various ways. 

Sewage Pumps. — The sewage may be lifted ftoiti the le\el of the 
basement or sub-basement, as the case may be. to the g.r.ivity M-vver 


PLUMBING OF MODERN CITY BUILDINGS 


25 


on the higher level by pumps, which are generally made automatic, 
and which in cases where electric current is available are operated 
electrically. The choice of the style of pump depends upon the 
character of the waste water to be lifted. Where this is merely 
clean waste water, drips from machinery, etc., piston pumps may 
be used. Where sewage containing much coarse suspended matter, 
grease and excrements must be lifted, such pumps can be used only 
if the sewage is carefully screened, which, in city buildings, would 
lead to undesirable conditions. Where the waste matters contain 
chemicals in large quantities, particularly acids, piston pumps are 
not advisable. The majority of such plants make use of centrif- 
ugal pumps (Fig. 13), which are particularly adapted to low lifts 
but which in recent years have been so modified as to make them 



Fig. 13. View of Lawrence Centrifugal Sewage Pump. 


also adapU-cl to higher lifts. These pumps arc made automatic by 
jilacing a lloat in the sewage receiving tank and connecting it by 
means of pulleys to an automatic starting device. 

In all cases a receiving tank or reservoir for the waste water or 
sewage must l)e i)rovi(led, and this should be made of generous size. 
It is set up either on tlie same floor level with the pump, or else it 
is located below the level of the lowest floor in cases when it is 
nceessarv to <lrain this floor. The former location is much to be 
preferred, particularly in the case of centrifugal pumps, because 
set up in this way the [lump always remains primed, and requires 
no fool valve and no special devices to be operated by hand^ or 
automatically for the purpose of charging the pump and starting it. 
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Where sump tanks below the eellar tlo.u- n.iM !..• uahI. it is lunv 
usual to install submerged centrifugal pumps, tuul m thi. u.y the 
difficulties mentioned above nmy he ovmr.uuu. 1 !..• ,nu,.,r .hiv- 
ing these pumps is set up tlireeily un-uetillv uvrr the pe.mp, au.l the 
two are connected by a <lireet vertical dmti A In,,, ^ah.• ..n the 
suction of the pump is not re-piired lor Mihnu-rtted pumps, and 
thus another troublesome fettiure of these axmided, 

The drawback is that the pump canm.t he tvaelird tor ms,HTti(m 
nnd renairs without drawing it up. 


Fio, J4, View of C^iilmby ,Sylimrf||r4 


Among the many submerged eentrifugtil pumps tiH'd (or the juir- 
pose of draining basement sumj) pits the ipuimhv ■ ump pump is 
one of the latest and best. It is shown iti Fig. « }. and i-. usually 
installed with float valve and automaii< ally op(>ratin!', suiteh. 
This pump runs with very little (itteitlion, cMcpi o« iiwonal 
oiling, and it is constructed with a view of lunitllinf' JH*t only 
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water but also water containing more or less coarse solid matter 
and grit. 

One of the advantages of submerging a centrifugal pump is, 
as stated above, that it does away with special priming arrange- 
ments and with foot valves. In this style of pump the bearing 
which carries the vertical shaft on which the impeller is fastened 
is located at the level of the sump pit cover and not at the pump, 
below the water line. It is ball-bearing and has a large oil recep- 
tacle for lubrication. Diagonal braces serve, as shown, to obtain 
rigidity of the vertical shaft. 

The ])umi) is attached rigidly to a plate forming a part of the 
cover of the sump jiit. By lifting the iron plate cover the pump is 
simultaneously lifted out bodily, and in this way all its vital parts 
are easily accessible at all times. The pumps are made in sizes 
varying from 30 to 250 gallons’ capacity per minute. In determin- 
ing the size of j)umi) and motor, one should know or calculate the 
amount of water to lie lifted, the total vertical distance between 
bottom of sump pit and high-level sewer, also the length and size 
of the discharge pipe, and the number and kind of bends in the 
discharge line. 

Sewage tanks should always be provided with a large-sized vent 
pi])e to the roof, and likewise with a separate fresh-air inlet for 
ventilating iturposes. It does not seem to be advisable to intersect 
the sump vent into any of the regular vent stacks for the plumbing 
of the up])er (loors. 

The tanks are usually made of boiler iron, and may be either 
closed or open tanks. The closed tanks are somewhat preferable, 
childly where sewage enters the tank. For clean wastes the tank 
may have a removable cover. 

Automatic Sewage Lifts. — Several styles of apparatus for lifting 
larger volumi^s of sewage automatically from a low to a higher 
level have come into use in recent years. The first one introduced 
into this country was the Shone sewage lift or ejector, an English 
invention of much merit. It consists essentially of a tight cast- 
iron receiver for the sewage, jirovidcd with inlet and discharge pipes, 
and with lloat, which operates automatically in opening and closing 
an air valve, by which comiiressed air from a storage tank is admitted 
to the ejector. 'Fhe compressed air acts directly upon the accumu- 
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lated liquid and ejects it into the dischar.qe mam. I !mr. are nu other 
mechanical parts to the system. The chsehante .e aecu.njfehed 
quickly and generally quite noiselessly. I he ejeetors are tightly 
Ised receptacles, and hence there is no smell trum the sewage. 
The entire operation is automatic, arul there is very little to gd out 
of order in such apparatus. 'I'o guard against any interruptum of 
the flow and to enable the making of re[uiirs if siu h should become 
necessary it is always advisable to install the ejectors for sewage 
in duplicate as for instance in Figs. t(. and 17. 

The size of the receivers for sewage depetuls somewhat upon the 
quantity of sewage to be dealt with per minute. It is my e.vperi- 
ence that a small apparatus, or several of the^e. >et up m battery 
form as shown in Figs. 20 anti 21. ammiplbb the wt.rk mueli better, 
and possibly more ccanomically. than very large ejeelt.rs. The 
emptying of the ejectors does ntit take very long, and they are at 
once ready to receive more st'wage. Where the How is intermittent 
but at times very large, it seems desirable to prt»vide a receiving 
tank, into which the sewage flows first and from which it goes into 

the ejectors as shown in Figs. 32 ami 

The sewage-lifting plant re<iuires a pit in which the ejectors 
stand, one or preferably two air compressors and a storage tank 
for compressed air. Thu air compressors may he operated liy 
steam or by electric jKiwer, ami they may he l»etl driven or ilirect- 
acting. The air pressure provided to lift the smvage is usually 
about 40 pounds, but it may be compressed to a his'.her j.ressure in the 
storage tank, in which case a pressure redui iiig valve should be 
placed on the air pljiu. In practice it is found that a pressure of 
two pounds is required tor every f«K»l of vertical lift. 

The sewage tanks may also he arranged to operate by hand, hut 
in that case they should he built «»f smnewhal l.irgcr diiitctisiuns. 
The essential feature of autoniatie plants is the air valve, which 
should operate positively, quickly and qnietlv. 

Fig. IS shows a Shone sewage ejector in set lion, and Figs. 16 
and 17 show the manner in which ejet toi-s are taietl up in 
duplicate. 

A plan showing the usual arrangement tU the -ewer., drains, 
location of ejectors, etc., is given in Fig. iK. It i'^ •lightly imidified 
from a plan accompanying a description t»f the Shone sy.stem as 
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tary sewers, surface drains, l)low-olTs from boilers, and a few drips 
leading into the surface basins arc shown, but this is sufficient to 
indicate the [irinciples involved. The following is an abstract of 
the description: 

“ In t)iiil(linf's in cities the ejectors arc usually located in some central 
position, an<l the compre.ssing machinery in the engine room or wherever 
convenient. It is preferable to have the latter placed where it can be 
seen by the engineers-in-charge while they go about their duties/ as the 
normal action of the compressing machinery is a sure index of the like 
action on the part of the ejectors themselves. 

•'The ejectors are placed at such a depth that an ample fall can be 
given to all sewers and drain.s. 

“The sanitary .sewers are carried directly to the ejectors. Clean-outs 
jirovidcd with air tight .screw plugs are placed in these sewers at regular 
intervals. 'I'lie manholes shown do not connect with the sewers them- 
selves, but are merely to give access to these rodding holes. 










Ttfanholes 
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“The surface drains are not conlinuous, lint run itUu and out of the 
surface basins. There is no objection U> this fnmi a sanitary point of 
view as the contents of these drains are innocvious, hut the surface ha.sins 
nevertheless may he, and fre(iuently are, lilted with covers wliich are 
practically air-tight. The .surface drains all c-onvente to a catch-liasin 
in the neighborhood of the ejector.s, which c.unimmicates with llie main 
sanitary sewer by means of one connection fitted with a trap and liack- 
water valve. The blow-off ba.sin likewi.se coiuinunicate.s witli the main 
sanitary sewer in the same manner. 

<‘The sanitary system is iisiuilly kept di.-tiiul fnmi all others, hut all 
the liquid wastes of the building of wliatever dt'scanptitui (excepting such 
as originate at an elevation sufficient Iti enable ihent tlow off l,y gravi- 
tation with certainty at all times, no matter what ccutditinm. may pivvail 
in the street sewer) should be led to the ejeetiirs. whetlier it be thought 
necessary to collect them into distinct systems itr tmi. 

“The discharge pipe from the ejectors can be lehi up t<» ami along 
the basement ceiling and down tt> the street smver, but it is preferable 
to lay it under the basement fhmr to the vmh wall ami from tiiere up 
into the street sewer. It should l>e run indepi-nciontly of all tUhers, 
as in case of any ol).struction in it or the street sewer tin* ejectors 
would be liable to force the sewage back and up any |a|ieH tliat might 
be connected to it. 

“The air-pressure and air-exluutst pipes havt* merely tn \w run 
in the most convenient manner, and retpure no special description. 
The latter, however, which is for the purpiiM* of providiiig a means 
whereby the exhaust air can escape to the <ujtMde of tlu’ laulditig, need 
seldom to be run the whole way imlependeutly» as it can geiierally be 
connected to a flue from the boilers or to mnw vap<»r pipe or vetitilat- 
ing duct. 

‘^Whenever it is possible to spare the rcami, ejtn ftjr thambers should 
be left open, or at least partially .so, mnl surrtmmletl by a et»ping atul 
railing. The object of this is to alkiw the ejeclors to fr seen, as there 
is no reason why they should ncH lie kept as clean and be well la, ken 
care ol as any other class of machinery, awl this is far more likely to he 
the case when they are visible than if covereil u|i awl out of sighb If 
absolutely necessary, however, the chamber can lie eiitirriy covtnvd and 
merely an entrance left, which can be closed with an ordinary miudmle 
cover. 

‘^Ejector chambers are usually circular in plan awl they i'an Iw Imilt 
in a variety of ways, but they are generally coriHtniried either of brick 
in cement or of tank steeL The latter b*rm is mwd where the ground is 
bad or where there is much water to contend with tluritig ctinst ruction, 
as unless the conditions are favorable great care h retpured in the am- 
struction of brick chambets in onier to obtain watertight work.^* 
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There arc several other similar devices which require brief 
mention. One js the Ellis ejector or sewage lift (Fig. 19), the other 
the Ansonia sewage ejector (Fig. 24). Both of these appliances 
may be operated either by means of compressed air or by steam, 



Fk). II). View of Ellis Sewage Lift. 


and they arc also made as combination apparatus for both steam 
and air. 

'My personal preference is for a compressed-air apparatus. I 
l)elieve llie. steam ejectors to be more or less wasteful of steam; 
moreover, a discharge of .steam into the street sewers, which cannot 
be wholly avoided, is not to be advised, and in some cities it is very 
pro])erIy prohibited by rules of the sewer department. The hot 
steam mingling with the sewage and excrementitious matter is also 
liable to cause bad odors, though, of course, with a tight apparatus 
these would not he noticeable inside of a building. The com- 
pressed-air discharge is also preferable because it gives a full water- 
way in the discharge pipe. The very best kind of check valves 
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should be used with these api)aratus. 'Flu-sr an.l llu- aulumatic 
air valves are liable at times to give some trouble. Imt there are no 
other moving parts, and herein consists one ol tlie advantages of 

sewage lifts. t 

Both the Ellis and the Ansonui sewage hits follow closely the idea 

of the Shone apparatus as regards the usi‘ of eomi>ressed air, and 
they differ from it chiefly in the construction of the ;dr valve used, 
also in the fact that the receivers are usually of wrought iron instead 

of cast iron. . 

In Figs. 20 and 21 I show in lilan and elevation tin instulhition of 

four Ellis sewage ejectors as inil in under my direction for the 
St. Regis Hotel in New York City. 'Phese smaller tanks replaced 
one large sewage tank which failed to operate projierly at all 

times. 

Figs. 22 and 23 show in plan ami elevation an(ahi*r plant designed 

by me for an addition to the same hulel 'Phe receiving tank, 
mentioned heretofore, is a feature of this insttdliUion which has 
worked very successfully for severtil yetirs. 

Fig. 24 shows an An.sonia ejector insttillation erected from my 
plans for a municipal building in New York ('ity. 'Phis is a com- 
bination compressed air and steam ejector pltuit. 

There is another sewagedi fling system which is diflVrcnt in prin- 
ciple from the Shone system, and which calleil. after its original 
inventor in England, the “Adams ” sewage lift. It luis been modi- 
fied somewhat by Mr. rricstman, (’. K., of Philaticlphiii, and is 
made by Merritt & Co. of that city. 'Phb devhe operates 
on a different principle, and dilTers from the three others in not 
requiring any air comi>ressors ami air storage tanks. Fig. 25 
shows the chief elements of the system, which is composed of several 
tanks. The air pressure necessary to lift the sewage is olilatned by 
the head of water from a tank on a higher level, which discharges 
by means of a siphon into a lower tank and compresses the air. 
The system is somewhat more complicate<i than the others described, 
but it also has some advantages. Where, however, the water 
required to operate the air tank Itas to be putupvd. it dm-:, nut appear 
to me that the .system has any advantjiges over the dirct t pumping 
of the sewage by centrifugal pumps. 
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FIG Cl. Elevation Showing Arrangement of Four Ellis Sewage Lifts at Hotel St. Regis, N. Y. 
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Fig. 22. Showing Arrangement of Annonia Sewage Lift at A«lilitti»ii tti ii'olel St. Rrgjs. 
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Sewage Ejector at Police Bulldi»g|. H-W York City. 
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'ruAi’i'iNO THE Fixtures. 

.•1 • Af T svstem of house drainage is the 

An essential reciiurement ol a sysiem 

Hv this IS meant the ap 


An essential recimrcmeni. 

safe trapping of the plumbing fixtures. By t is is m ' g^^ure 

it a auitabb davico in the waste W 

:“e ,.i,.c, and which, while it permits the 

liquid or semi-liquid matter to flow off, retains su r > 

the flow has ceasai, to form a water seal. 
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The rule is that every plumbinK lixlure should be soiuirately 
trapped by a water-sealed trap placed as close to the fixture as 
possible. The entire system of trapinng of the fixtures should be so 
arranged that the discharge from any fixture does not jiass tlirough 
more than one trap before reaching the soil pipe or the house drain. 
All traps should be kept exiioscd to view and aceessil.le for inspec- 
tion and repairs. The clean-outs on tra])S should preferably be 
located below the water level of the trap. 

In order to be self-cleansing, traps should not be larger than the 
branch waste pipes of the fixtures. 'I'ho simplest form of trap 
consists of a pipe bent in the shape of the U'tter V or S, and holding 
a depth of water seal varying from i.f to 2 A inches. 

Atmospheric and other influences tend to destroy this water 
seal. An abnormal pressure in a soil or wtiste jiipe may force the 
seal by back pressure; sudden and (piick dischar-'es of water through 
a soil pipe create a suction behind the water column, and e.xert a 
siphoning effect on the traps —so-called siphonage; during ]iro- 
longed disuse of a fixture the water seal is destroyed by evaporation, 
and finally a trap seal may become ineffective owing t<! lo.ss of 
water through capillary attraction. 

Objectionable Forms of Traps. Mcclianical trsipts witlt Heating 
balls, flap valves, checks, heavy balls, etc., have been devin-d as an 
additional protection, but are only iiarlly effective, and usually 
become more or less foul in itrolonged use. Some of the water- 
seal traps, like the D-trap, the bottle trap, ibe round trap or flrum 
trap, are open to the same objection. I'raps w ith insi<le jiartitions 
cannot be relied upon, as there may be sand holt>sor Haws in them. 

Back-Venting of Traps. — The etnnmon S or P trtiph are perliaps 
cleaner in use, but under certain condition^ they are particularly 
liable to siphonage. To prevent this, speeitil lines of vent or 
“back-air” pipes are attached near the upper beml of llu’ traji and 
carried to the roof in the same manner as .stul pipes, or they enter 
these above the highest fixtures. With fixtures located on several 
floors, this leads to a double pipe system, which increases the cost, 
complicates the system, nearly doubles the number of pipe joints 
and consequently the risk of leaks of sewer air, and esttiblishes air 
currents over the water seal which have a leiKleru y to destroy it, 
except where the fixtures are in daily use. 
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Where back-air pipes are used, the following rules should be 
observed : All offsets in vent pipes should be made under an angle of 
at least 45 degrees, and all vent lines should be dripped at the 
bottom into a soil or waste pipe or into the drain, to prevent the 
accumulation of rust scales. 

The branch vents to the fixture traps should be kept above the 
top of the fixtures and be connected as near the crown as possible, 
or preferably arranged as a continuous vent, except in the case of 



earthenware traps for water-closets and slop-sinks, which should be 
vented from the lead bend which is located under the floor and 
connects the closet outlet with the soil pijic. 

I'he “back air pipe” system offers oiiportunities for dangerous 
by passes, or faulty connections between the back-air pipes and 
other pipes, whereby an open passage is created for gases from the 
soil or waste pijie system into the rooms of a house. The illustra- 
tions Figs. 2fi to 2i) show some of the more commonly occurring 
by-passes, and reipiire no further explanation, as the cuts tell their 
own story. 

Non-siphoning Traps. — There arc a number of water-sealed 
traps, called non si phoninj’ Imps, like the Sanitas, Puro, King, 
Ideal, llydrie and the Sanito, which arc shaped with a view of 
retaining a water seal when siphonic action takes place in the system, 
and their seal is, as a rule, made deeper than usual. 
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Fk;. Plumbmg By-passes. 





Fig. 2C). Plumbing Py-i:)asses. 

WluTc nou siphoning traps and water-closets with a deep water 
seal are used, the special back-air pipes may be dispensed with, 
pr()vi(U‘<l the n.K(ures are located close to a ventilated soil or waste 
line. In niy jiractice 1 consider a-Xun.-Pf ftyc.,lcct as the largest 
allowable lengtli for the use of such traps witliout a vent continu- 
ation of the waste pipe. Long branches should be vented, either 
by interconnection with vent stacks or by extension to the roof, 
but if so arrange! 1, the branch trap vents may be omitted. 
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This improved system is far superior to tlie one eoiiimonly required 
by Building Department rules or regulatiims. 'I'lu- present tend- 
ency involves unquestionably too mucli coinplitmlion. A com- 
parison between the two methods shows rU-arly the suiteriority of 
the simpler system, which is now advocated lyv some of the best 
authorities. Hence the municipal plumlung regulations of cities 
should Ije revised so as to make it ojitional with an architect or 
the owner which system to adopt. 

The subject of back-airing trai)s is of so mucli importance that it 
will be referred to again in Chapter III. 

The matter of trap venting and the use of non-siphoning traps 
are also discussed at considerable length in tlie autlior’s book 
'‘Sanitary Engineering of Buildings.” In the chapter entitled 
“Simplified Plumbing Methods” he made suggestions fur a modi- 
fied, simpler and at the same time safer iilumbing system. 

Commenting on these suggestions, the A merit an Arehileet, then 
one of the leading architectural |)apers in the I'nited States, wrote 
as follows: 

‘‘It is always a pleasure to arehite<’ts to ri*at| wlutt Mr. William Paul 
Gerhard writes on matters of sanitation. Aloni% uhnosi^ atmmg those 
who treat of such subjects in these days, he writes like un (‘u^idtU’er famil- 
iar with all methods and appliances in u.m*, judging them with the aid 
of long Mcperience and thorough iheoretieal knowledg<% and dif'^passion- 
ately choosing what he believes to he the he^t tfdng attainable, wiilumt 
any reservations, exaggerations attd misn*pri’ ientati«nH nn fiehalf of pel 
theories, or the private interest of lumself ur his friemi Ftir this 
reason it is particularly noteworthy that he ‘'•honld have unne cnit against 
the system of indiscriminate trap ventitig wideh is m»w impoMnl by the 
law on architects and plumbers in most (d uur large title., 

“It has long been understood tliat Mr. (kniiurd ditl mit tavur leflis- 
criminate trap venting, hut, like the other profe^dtatal men enmenietl 
with building matters, he has found it best to sjniiiire his private 
opinions and submit quietly to the law, and it h otdy a growing t'oindclion 
of danger to health involved in the muhipUiatirm of pipi*- and joints 
which the law renders compulsory, that can have led him protect 
■ publicly against the enforced ua* of the prcHcmt ^amitiiialed, costly and 
in,. .a good many respects unsafe methods,’ I’he miMHn wlncli In* gives 
for this protest are convincing eiuntgh to all tho^* win* have to d<» with 
building, 

“As architects know, in the execution of a u»mplit ated pane t*f plumb- 
ing work under the present' law it is almost to avoid such 
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intercommunication of waste pipes and vent pipes as to form here and 
there a G)y-pass,’ or in other words, an open conduit for leading 
sewer air from the waste pipes directly into the rooms around the traps. 
Many a plumbing plan is rejected by Boards of Health because it pro- 
vides, of course unintentionally, for such a by-pass at the outset, and 
many more systems ])roperly planned arc rendered dangerous by the 
carelessness of workmen in making connections. The only real reason 
that has ever existed for back-venting traps was to prevent them from 
l)eing sijihoned out l)y the suction from a main waste pipe* discharging 
water enough nearly to iill it. Twenty years ago, when S-traps were 
in common use, this was a valid rea.son; but now, when non-siphoning 
trai)S are almo.st universally employed, there is no advantage in the 
venting system whicli cannot be better secured by using a five-inch soil 
pi|)e in |)lace of a four-inch, carrying up the longer branches to the roof, 
and i)ladng modern traps under the fixtures.” 


Plumbing Fixtures. 

A (let ailed discussion of plumbing fixtures is reserved for Chapter II, 
hence only the more important ones are briefly described here. 
All plumlflmg natures should be provided with a sufficient supply 
of water to maintain them in a cleanly and sanitary condition. 
Fi.vturcs of luiblic toilet rooms raiuire ])eriodical inspection and 
constant cart: in maintenance. 

Location of Plumbing Fixtures. — The scattering of plumbing 
appliances over a house is no longer practiced, the work is con- 
fined to the well lighted and well-ventilated hath and toilet rooms, to 
the butler’s [lantry, the kitchen and the laundry. Where possible, 
the water closets should bt‘ placed in compartments separate from the 
bath rooms, Imt having direct access to light and air, or ventilated 
mechanically and lighted electrically. 

All fixtures should be quick-emptying in order to flush out the 
traps and their waste ])ipes. In case of water-closets, urinals and 
slop-sinks the flushing is best accomplished by means of flushing 
cisterns. 

Water-Closets. — The most important appliance in houses, from 
a sanitary point of view, is the water-closet. It usually consists 
of a metal or porcelain bowl with flushing rim set on an impervious 
floor slab, providi'd with hardwood seat and with flu-shing cistern 
or else siiecial flushing valve, with flush pipe, and with lead bend 
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connection to the iron soil pipe. Numerous lyi.es of water-elosets 
have been devised, many of which after a brief period of tri;d have 
been again abandoned. Of the older types the pan closet was the 
one to hold out the longest, notwitlistanding the universal condem- 
nation which it received from sanitarians. .\t tlie present writing 
the pan, valve, and plunger closets have almost t'ntircly disai.i.eared 
from the n^arket. Cheap washout closets and a tew of the same 
type and of a good make are still in demaml, although tliey are not 
free from defects. 

In well-appointed modern bath and toilet rooms the ail porcelain 
or vitreous-ware siphon and siphon jet closets are preferred. For 
institutions, schools and for .servants’ closets the pedestal wash- 
down closets make a thoroughly sanitary fixture, particularly those 
having a deep water seal. In some situations a Hushing rim hopper 
closet works satisfactorily. Where rough usage is to he expected, 
as in factories, stables and public comfort stations, closets of enam- 
eled iron may be used. 

Flushing of Water-Closets, etc. •— Water closets siioukl have 
earthenware bowls provided with flushing rims; the so-cidlcd pipe- 
wash bowls and also the hopper, pan, valve and plunger closets 
should not be used. Water-closets and urinals should always be 
flushed from separate ci.sterns cm each floor, the water from which 
is used for no other purpose. 'Fhe special devices known as llush- 
ometer valves are referred to in ('hapters and \‘l. 

Wash Basins. — In modern plumbing, basins are “ scU " or station- 
ary fixtures, consisting of an earthen or marble slab, with howl 
attached to it, or of enameled iron with metal or marble supports, 
and with waste and supply pipes, faucets, traps and other appurte- 
nances. Wash basins are manufactured in a great variety of patterns 
and types. Those with waste outlet closed by a metal plug held 
suspended by a chain or rubber cablet, and those ha\ ing. a standjiipe 
overflow or else a metal plug operated by a lever, are much better 
than the bowls with secret waste valves or the tip up basins. 

Bath Tubs. — The bath-tub fixtures are either of emuneleii iron or 
of solid porcelain; copper tubs are rarely lewd lu.wadays. Bath 
tubs are set on the floor, or raised from it on leg,s or other forms of 
support, or finally they are sunk into the floor. The latter arrange- 
ment requires special provision in the tloor eonstnietion and is not. 
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therefore, much in use. In England, bath tubs are designated as 
“slipper baths,” which originally were bathing tubs covered at one 
end and thus resembling a slipper in shape.* 

In hospitals for insane and also in people’s bath houses, rain, 
douche or spray baths are substituted for the tub baths^ being con- 
sidered more sanitary and economical. There are a number of 
forms for siiray, douclie and shower baths, also large combination 
needle and spray baths, and several types of baths for the bathing 
of parts of the body. 

Urinals. — Urinal fixtures have been much improved in recent 
years, and a very good pattern for single urinal stalls consists of a 
flushing-rim bowl made to hold water, and flushed from a special 
cistern or else by mean of a flushing valve. In public places, such 
as railroad stations and the like, also for factories and schools, con- 
tinuous trouglis of enameled iron or of stoneware with automatic 
intermittent flush, or else solid porcelain urinals in niche form, are 
used. 

Washtubs. — The former washtubs of wood have been superseded 
by soapstone, slate and artificial cement tubs for the cheaper class 
of dwelling-houses, and by white or yellow solid glazed roll-rim 
earthenware tulrs for the more expensive residences, as well as for 
hotels and institutions. 

Slop-Sinks. — Slop-sinks are sinks made in form deeper than the 
ordinary sinks, and provided with la|ger waste outlet. They are 
manufacture<l eitluT of enameled iron or of heavy fire clay, and are 
sometimes provided with a top flushing rim supplied from a special 
flusliing cistern. 

Sinks. ■“ Sinks arc fixtures intended for i>ouring out kitchen dish 
and wtish water, or they are meant to serve as tray to catch drippings 
where water is drawn in pails or in jars, as in housemaids’ closets 
or in conservatories; they also serve to receive the drippings from 
refrigerators and ice boxes. In kitchen, pantries and sculleries 
sinks are used for the washing of dishes, pots, kettles and pans. 
They are manufactured in painted, galvanized and enameled iron, 
in copper, soapstone, slate and in white and yellow solid porcelain 
ware. 'I'he latter sinks are by far the best from a sanitary point 
of view, and recent improved methods of manufacture at American 

* .Sfft illuKlnitioti in Gerhard’s “Modern Baths and Bath Houses,” 1908. 
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potteries have enabled the makers to reduce their price considerably. 

Wooden sinks should not be used. 

Grease Traps. — In kitchens of large hotels and institutions the 
grease from dishwashing and from cooking operations is inter- 
cepted in grease traps, in order to prevent stoppages in the waste 
pipes and drains. Some forms of grease trajis ari' atlaclied directly 
under the kitchen or pantry sink; in other eases they are placed 
outside of the building, on the line of the kitchen dram. 

Exposed or Open Plumbing Work. .X feature of modern ])lumb- 

ing work is the accessibility of all its [larts. Wooden enclosures 
around water-closets, sinks and other fixtures are no lunger used, 
and these fixtures are always set in an oiien manner. Pipes and 
traps remaining exposed arc rendered unolijcctionable to sight or 
even attractive by painting or bronzing, and in iiassing it may be 
stated that it is a popular fallacy to supiiose tliat tin- niidu-l plating 
of exposed pipes and fittings is essential for sanitary work. 

Floor Joints. — All earthenware trai>s shouhl be connected with 
the lead bends by heavy brass floor plates, which must be soldered 
to the lead bend and bolted to the trap llange. the joint between the 
floor plate and the trap being made gaslight with sonic plastic sub- 
stance or asbestos packing. An improved screw joint for water- 
closets is shown in Fig. 86, Cha])fer II. 

Safe Wastes. — Safe wastes and refrigerator waste pipes should 
not be connected with any jAart of the plumbing system, but they 
should discharge over a water-supplied sink. 1 he itdiigeialor 
v/aste pipes and all safe wastes should be provided with llap val\es 
at their lower ends. 

Overflow Pipes. — If fixtures have overflow pii'es, these should 
always be connected on the inlet or house side of the traps. 

Water Stn-i'i.Y. 

Essential Parts of a General Water-supply System. A complete 
water-supply system, whether for a city, town, or a g.roup of build- 
ings, comprises the following parts; 

1 . Means and structures for the collection of water at the source 
of supply if a spring or welljtir intakes if the supply i:-. to come from 
a stream or lake ; 
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2. Means for its purification in settling basins or in large 
filters; 

3. Means for conducting it from its source to 

4. Its storage in receiving reservoirs, elevated tanks or stand- 
pipes; 

5. Means for its distribution through smaller distributing reser- 
voirs and through a system of pipe conduits, comprising mains, 
laterals, service and house-supply pipes with valves, hydrants, 
meters and faucets. Quite often it includes 

6. A water-pumping plant, comprising buildings with p um ping 
machinery, steam boilers, or electric motors, or gas, gasoline or oil 
engines connected with pumps, for the lifting of the water from 
its source or the intake to the place of storage. 

broadly s])eaking, two systems of water supply may be distin- 
guished, namely, the gravity and the pumping system. 

Gravity Supply System. — In a gravity water-supply system the 
intake or the source of su])])Iy is located at such an elevation above 
the buildings to be sujjplied that gravity alone suflfices as a motive 
force to bring the water from the storage reservoir to the places of 
consumption. 

Pumping System. — In a pumping system the water intake or 
the source of sui)])ly is located so low as to require some form of 
water-lifting machinery in order to make the water available for 
use. 'Fhe water-])um|)ing system is called (a) direct when the 
water is i)umi)ed directly into the network of distributing mains, 
and it is called (b) indirect when the ])um|)s lift the water first into 
a reservoir, standpipe or i)ressure tank, from which the distribution 
takes ])laci‘ l)y gravity. A third system might be called (c) the 
direct-indirect, tlie water being pumped directly into mains, but the 
e.vcess of water ] tumped over that drawn or used goes into reservoirs 
or into standpiiies, and is u.sed to equalize the flow or to, make up 
for liours of excessive consumption, or to render service during 
repairs to tlie imnqting machinery, or during the night, when the 
operation of tlie pumps stops. 

A gravity water supply system is cheaper as regards operating 
expenses tlian a direct-pum])ing system. The latter is also more 
liable to interruption by accidents, and for this reason requires the 
provision of a dupliciite set of pumps and generally of two pumping 
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mains. The indirect-pumping system is more economical in oper- 
ation than the direct-pumping system. 

Water-supply systems for larger communities and for groups 
of habitations make use chiefly of reservoirs, where the amditions 
are favorable for their use, whereas supjily systems for individual 
buildings make use chiefly of elevated tanks, of pressure tanks and 
in some cases of standpipes. 

Quantity of Water Required. — The ciuantity of water needed 
for domestic supply varies in diflerent cities, and is much larger in 
the United States than in p:urope. Whereas in Ungland the standard 
aUowance per day is 37 U. S. gallons, in the I'niled Slates it is gen- 
erally assumed that 60 gallons is a fair daily capacity allowance, 
which includes water for drinking, cooking, washing, bathing, 
laundry, stable, flushing of water-closets, and for ordinary manu- 
facturing purposes. 

The above theoretical allowance does not by any means agree 
with actual figures of water consumption. Water statistics nece.ssa- 
rily vary somewhat from year to yeai, and tabular statistics, like 
statistical figures generally, are apt to be incorrect and sometimes 
misleading. Nevertheless, conservative engineers are all agreed 
that a large part of the daily water consum])tion is really water 
waste, and this is proven by a comparison of figures for cities in 
which the majority of services are metered with like figures in cities 
without water meters. 

A careful study was made of this cpiestion some yi-ars ago by 
Mr. George S. Bailey, Superintendent of the .\lbany, .\. water- 
works. According to his tabulated summary, the average daily 
per capita water consumption of i.pt cities in the I'niled Slates 
was 137 U. S. gallons; in 71 cities with less than 10 per cent of the 
water taps or service metered the average consumption was 153 
gallons; in 18 cities with from 10 to 25 per cent taps metered it was 
no gallons; in 22 cities with from 25 to 50 per cent im-lered it was 
104 gallons; and in 23 cities with over 50 per cent tajis metered the 
consumption fell to 62 gallons. In other wonis, thf avent^c con- 
sumption is 2.2 times as large as it sliouhl he. 

In Washington, D. C., where only few taps are metered, the con- 
sumption reached the high amount of 158 gallons in i.S()o and of 
185 in 1900; in New York, where about one fifth of the taps arc 
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metered, the consumption was 79 in 1890 and 116 in 1900; in 
Providence, R. I., which has about 75 per cent of the taps metered, 
the figures were 48 in 1890 and 54 in 1900; in Fall River, where 
94 per cent of taps are metered, it was 36 gallons. 

The highest rate of consumption was shown by the city of Alle- 
gheny, Pa. (with no meters), namely 238 gallons; Buffalo came 
next with 186 gallons, and Providence, R. I, and Fall River, Mass., 
showed the smallest average daily consumption. These figures 
and data are valuable because they prove beyond a doubt the bene- 
ficial eilect of meters in checking waste and reducing water con- 
sumption. 

The question of water consumption in large city buildings will 
be referred to again in Chaj)ter VI. 

Standpipes. Waterworks standpipes are used principally in 
places where for lack of an elevated site or for other reasons 
it is imiwacticablc to build a reservoir. They are constructed of 
wrought iron or of steel; they arc anchored or bolted to a strong 
foundation, and are sometimes provided with guys to steady them 
against wind i)rcssure. 

A waterworks standpi])e remains either exposed or else it is 
enclosed, generally witli masonry, for one or more of the following 
reasons: to furnish iwoteclion in winter time against freezing; to 
shield it against wind pressure in exposed localities; or to give the 
structure an ornamental appearance. 

Speaking of the; disfigurement of the countryside everywhere 
“witli gaunt top-heavy skeleton windmill and tank towers,” a 
writer in The Amen'ran Archilecl draws attention to “another and 
more obnoxious monstrosity that utilitarian engineers have imposed 
on the landscajie and which calls urgently for redress, in a double 
sense, namely, the wrought-iron standpipe of the local water com- 
jjanies, which, standing on the highest elevation within the reach of 
economical pumping, forms a blot on the landscape which can be 
seen in every direction for miles around.” 

Sometimes such standpipes arc used merely as pressure regula- 
tors or water cushions, in which case it is usual to place them close to 
the ])umping station. Sometimes they are used to provide, in con- 
nection with water mains supplied by direct pumping, a storage of 
water sullicient for about one hour’s fire consumption. 
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View of Wooden R<»f 'I’ankH, 





View of Wooden Tank on Steel Tower. 


and they are liable to many kinds of contamination. In tenement- 
houses it has actually occurred that mischievous boys have used 
the tanks in summer time to take a bath. A recent editorial in 
The Metal Worker is to the point: 
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“The purity of the water supply has a more far-rcacHing effect upon 
the health of the public than the multitude is apt to realize. A .step 
toward the protection of their health is taken in the movement to aboli.sh 
the use of roof tanks for supplying the upper Hours of buildings in large 
cities. Those who have devoted some time to an investigation of the.se 
tanks find that street dirt with whatever f;ecal bacteria it may contain 
is frequently carried to the top of the building where roof tanks are used, 
and no small deposit of this dust is found in the bottom of the tanks. 

In order to avoid both the dust and the misuse of the house tanks, 
the substitution of a pressure tank located in the basement of the build- 
ings is advocated. This sort of tank has another recommendation in 
that it does not subject the building to the .strain of supporting a tremen- 
dous weight, which in some instances has led to the tank falling through 
the building, when the framework gave way, and doitig extensive dam- 
age as well as risking life. " 


Pressure-tank Systems. — I shall dwell upon the subject of pres- 
sure tanks at some length, for two reasons: first, 1 find a good deal 
of ignorance or misconception regarding the u.se of pressure tanks, 
and second, it is my belief that they are destined to play an impor- 
tant r6le in future water-supply systems. 

The majority of engineers are agreed that the (lirect-pumi)ing 
system, without the use of a service reservoir or of a standpi))c, is 
an inferior system, for it necessitates the continuous running of 
the pumps, and owing to the fluctuations in tlie water consumption 
and in the draught on the mains, the pumping machinery is sub- 
jected at times to severe shocks and strains. 

Various means have been resorted to by waterworks engineers 
to equalize the pressure and to cause the pumps to run more steadily 
and uniformly, such as the use of accumulators or of large air 
chambers, but neither of these {(ossesses the advantage of furnishing 
a sufficient storage capacity. Standpipes are not in all eases 
efficient substitutes for storage reservoirs, for though tlu'v e([ualizc 
the pressure, it is obvious that all water held by them below the 
level of the normal head is not supiflied to the consumers under 
advantageous conditions of pressure. 

Closed or pressure tanks for tlie combined storage of water and 
air have often been used. They answer the purpose in <-ases where 
the pumping plant can be kept running most of the time, but where 
this is not the case they are less satisfactory, because as the water 
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is drawn, from the tank the air on top of the water expands and 
thus gradually and at first somewhat rapidly loses its pressure. 

Sizes and Capacities of Pressure Tanks. — Diagram Plate No. i 
exhibits in convenient form the relation between diameter, length 
and capacity of horizontal cylindrical water tanks. It gives the 
capacity from loo to 10,000 gallons, for tanks varying in diameter 
from I foot 6 inches to 10 feet and in lengths from i foot to 40 feet. 

In the upi>cr left-hand corner is given a smaller diagram for 
tanks from 2 to 8 feet in length and from 12 to 48 inches diameter, 
and for capacities varying from 10 to 500 gallons. 

Diagram Plate No. 2 will be found useful in determining the 
water capacities of partially filled horizontal pressure tanks. It 
gives the height of water in parts of the diameter D for fractional 
parts of Q, the area (or capacity) of the tank when filled being 
designated as (). 

Diagram Plate No. 3 is somewhat similar to the preceding one, 
its curve giving the contents in gallons of a cylindrical horizontal 
tank one foot long and one foot in diameter for various depths of 
filling. 'Phe capacities of tanks of any diameter and any length 
can be readily found by it. 

While tin- concc'ption of these three diagrams is not original with 
me, their construction and the calculations necessary for plotting 
the lines and curves were made by me specially for this chapter. 

Requirements of Pressure Tanks. -—The following specifications 
for pressure tanks have been issued by the Chicago Board of Under- 
writers, and the 'Pulde No. V will be found useful in practice. 

“ Miitfritil. 'I'o be of fire-box or flange steel, of even quality, hav- 
ing it. tensile strength of not less than 55,000 nor more than 60,000. 
Dimensions. 

"l/fiids. Rmlius of dish to be equal to the diameter of tank. 

“.SVfHW.v. Longitudinal .seams to be triple riveted and placed below 
the water lim-; girth seams to be single riveted, except where the 
diameter t»f tank is in e.xcess of 34 inches, when double riveting 
.shouhl b<‘ employed; ‘Hartford’ specifications to govern; riveting 
to l)e done in a careful and thoroughly workmanlike manner; all 
scams to bc! thorouglily calked inside and out. 

“Minilmlf. 'I o be large enough to allow easy access to the inside 
of the tanl. and placed below the water line. 
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Diagram 2, Capacities of Parliiilly Fillr*l C'ylhiiliit ill l\ml 
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“Openings. Discharge nc«zle tt> l.e 6 inches, unless otherwise 
specified, and placed in bottom of tank, witli ti inch side outlet 
threaded for filling and draining connectiims; itd.-t for air i onnectum 
to be I inch and placed at proper point for upper gauge glass nipple, 
where suitable connections may be made for both purposes. Lower 
gauge glass opening to be i inch; tap ^ im h opening, in top of 

tank for vent. _ 

“Gauge Glass. To be placed on end of hon/,ontal lank and side 

of upright tank so that water line will be at renter of j'lass.^ 

“Test. Tank to be tested and [iroved tight after instailatitm, at a 
hydrostatic pressure of not less than 115 pound**. 

Systems of water supply with single pressure lank**, tilled partly 
with air and partly with water, the so-called hydro-pneumatic 
systems, are useful under certain conditions. For smaller country 
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houses and for farm buildings the pneumatic-tank system has un- 
doubtedly great merits and affords advantages over the elevated 
storage tanks. 

What seems to be a system similar to the one which I am about 
to describe is a pressure-tank system extensively used in France. 
It is the invention of an engineer, Mr. Carr6, and consists of a 
series of water-pressure tanks in combination with a pumping 
plant and an air compressor. The latter is intended to compress 
the air at the top of the water tanks to a suitable pressure. The 
system received the indorsement of Mr. Bechman, one of the chief 
engineers of the city of Paris, in a report on the Paris Exposition 
of 1869, and has been in use many years in some large public build- 
ings, not only for furnishing a domestic supply but principally to 
afford a good and eflicient fire protection. Buildings in which 
these installations are used are the large National Library in Paris 
and the Hospital at Nantbrre. 

Pressure-tank System with Separate Air Tank. — The “Acme” 
pressure-tank water-storage system is an American system, intended 
to furnish a supply and storage of water under pressure in tight 
receptacles or tanks, which are either buried in the ground below 
the depth to which the frost penetrates or placed in the cellar or 
in a chamber or vault located at or near the pumps. 

It consists of one or several closed riveted steel water tanks, one 
or more similar air tanks, of water pumps, air compressors, the re- 
quired air and water pipe connections, with gate valves between the 
several appliances and of pressure regulators. A certain normal 
air pressure is ordinarily carried in the water tanks, sufficient to 
cause the last gallon of water in the tank to flow out at the consumer’s 
faucet under the normal pressure maintained in the air-pipe line 
by the pressure regulator. In the air tanks, however, a higher air 
pressure is maintained so that an increased pressure can be obtained 
for emergency cases, such as a conflagration, etc., by the opening of 
a by-pass vafvc, which instantly brings the full air pressure stored in 
the air tanks upon the water tanks. The water tanks may be made 
of any desired capacity, and their number is practically unlimited, 
while the cai)acity of the air tanks is proportioned to the former. 

Advantages of the Acme System. — General advantages of the 
Acme system are that it does away with standpipes, elevated tanks 
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and with constant direct i.)umi)ing. By pn.vidin- srimrate air 
tanks for the storage of comirressed air uinicr a prcssuro.the 
important advantage is gained that the water presMire in the mains 
can be increased at any lime in case of einerj'eney. ami ;dso tliat the 
pumping machinery may be shut down for repairs as s.Hm as the 
water tanks are filled. 

In this system it is feasible to run the pumps tor a lew hours 
only, and to store in the tanks the volume of water require.l during 
the remainder of the twenty-four hours. Ket.nomii al advantages arc 
thus obtained as regards the running expimses of the pumping plant, 
because the. wages of a night engineer, or of the lireman. nr of 
both, may be saved. Other advantages are the etiinpaetness of the 
plant, every part of the system being diieitlv untki the eje of the 
engineer and every controlling valve within his reach, and also its 
simplicity, the system being neitlier comi>licated nor liable to get 
out of order. 

From a structural point of view an nhvious mivaistuge ( imdsts in the 
fact that the weight of the water slnreil in the tank' doe', lint retiuire 
to be placed at a high elevation as is the case widi roof tanks for build- 
ings or elevated tanks of waterworks. .No expensiu* tower^ con.-tnic- 
tion or heavy structural ironwork is necessary to tarry the weight of the 
stored water. The pressure tanks may lie plaeeil either in a horjwintal 
or in a vertical position and can he of any diiuen .inif' uilaptetl to the 
available space. The system affortls dedded ativaniages for fire pro- 
tection, for the pressure ohlained i.s generally greater than that from a 
standpipe, and while the fire noxales ate in t.|teriiiitiii the pres-.iire re- 
mains uniform up to the last, which is Jw/ the tm.e with the siandpipe 
or the elevated-tank system, For this reas<m it is stimetthat of a .sur- 
prise to me that the fire underwriters have not in the past tiiHid atten- 
tion to the superiority of the system, as long as they liave htdor .ed and 
permitted systems to be installed having only one loinlnned titr and 
water pressure tank.* 

In the Acme system any desired volume of water is held in reserve 
normally under the pressure ncee.ssary for dotnesitc umsutnpiton, which 
can be increased almost instantly to too pounds or titoie to meet the 
requirements of fire streams. In the rase o( village t oinmnnittes situ- 
ated on level ground and having no litiildings of evtieme height the 
normal pressure carried in the water tanks, usually .)<• or jto j«tunds, 
suffices perfectly to extinguish a small conthtgration. 

* See Crosby and Fiske, *' Hantlliook .of Fire Pnaeition for Iinpiowd Risks," 
second edition, 1901. New edition published 1909. 
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Of particular importance are the sanitary advantages which the system 
affords. Water is kept at a much lower and more uniform temperature 
in an underground or covered pressure tank than in elevated tanks, 
reservoirs or standpipes exposed to the sun. The freshness and purity 
of the water are maintained and no pollution of an originally pure water 
during its storage and on its way to the consumer can occur. 

From a large personal experience I know the unsatisfactory, unsani- 
tary and sometimes revolting condition in which the water in roof tanks 
is found to l)e, and also the difficulty of having the cleaning of the open 
roof tanks properly and frequently attended to. Water stored in open 
tanks is liable to contamination by ordinary street dust and floating 
organic matter, l)y gases emitted from chimneys and fireplaces, and by 
foul va|)ors from soil pipes opening on the roof in the immediate vicinity 
of the water tanks. 

In dosed storage tanks there is absolutely no chance for the con- 
tamination of an originally pure water. Neither is the water exposed to 
the deteriorating inlluence of light, heat and the atmosphere. This 
advantage is an important one in the case of ground-water supplies, 
which are so oftcm unfavorably affected when stored in open reservoirs 
or tanks. Recent inve.stigations have demonstrated the fact that cer- 
tain algie, which impart to water a fishy odor, or an oily taste, or both, 
are develoi>ed in water from underground sources through the action 
of air ami liglU. 

The fact that storage iiressure tanks may be placed underground and 
out of sight will .strongly aiipeal to owners or architects of buildings, 
for it is conceded that both the elevated tank and the open standpipe 
are usually decidedly unsightly and objectionable. This is true both 
of roof tanks on city liuildings and of elevated tanks required for coun- 
try buildings; it apjilies in particular to the open and exposed standpipe 
con.structed of boiler iron or steel plates, erected in all parts of the 
country as an inexpen.Hive form of water storage for communities. 

From a military point of view a special advantage is that the entire 
water plant of a fortified town or of a military post may be located 
underground and thus be concealed from view, except possibly the smoke- 
stack for the steam l>oilers or the exhaust for the gasoline engines which 
run the pumps. ICven the.se are done away with where pumping by 
electricity is fea.sible. Thus arranged it would not be an easy matter 
for the enemy, in ca.se of war, to discover and injure the water 
plant. 

For villages and small towns the principal advantages are that the 
cost of a re.servoir or the cost of a standpipe or elevated tank for water 
storage may be saved. The pressure tank in combination with an air 
tank luis the advantage over standpipes that there is no danger from ice 
formation in winter or collapse of the standpipe due to sudden violent 
wind pressures. 
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The system is also particularly adapted for the water supply of a 
group of buildings of an institution and for the gromuls surrounding 
them. Where the various buildings are seatltu’ed a coinpaii central 
plant placed entirely underground, erected at any eonvtuuent point, will 
uniformly supply the buildings under tlu‘ <iesired pn‘ssure of water. 
The system permits of the use of any kind of motor ami pumping appa- 
ratus, such as steam pumps, gas, gastdine or oil engines, elect rie motors, 
and even hand pumps for very small plants. 

All the sanitary and other advantages mentit>netl heretofor<‘ apply 
where the system is used for single city buildings (d great height, such as 
office buildings, apartment houses and Imtels, ote. It is a detitUHily 
better system than the one of pumping <iireetly into tht‘ service lines 
and risers, or the system which uses in conneetion with tlireet ]>umping 
a small and utterly inadequate roof tank. I See Clu'ipter VI.) 

The fire protection obtained from the system for inside standpipe 
lines cannot be obtained from the roof tanks. i*‘or isohueti country 
mansions the system is, of course, particularly luiapted, and where both 
water supply and electric lighting are reqiureil for country houses it i.s 
possible to install a plant answering for liotli purposes. 

Pumping Water. —As important as tlu^ nuums for storing the 
water are the means for lifting it so as to make it available for use 
in buildings. Many different forms of pumps are used for this 
purpose. The simpler kinds of pumps are the suction, hand lift 
and force pumps, the chain pumps, putnps operale<i hy animal 
power, and windmill pumps. Forms of purttps tqmrated by the 
energy of the fall of water are the hydraulic rum, tin* various types 
of water wheel and the hydraulic turbines. Mon^ tir less compli- 
cated but also more efficient forms of pumps are tlie hot air, gas 
and^ gasoline pumps, the reciprocating piston and plunger ami the 
centrifugal steam pumps, to which in rectait years liuve been adtled 
pumps operated by the electric current. (Her (liaptiT XL) 

Conduits. — Water-supply conduits may be* id!!u*r open or closed 
and covered; they may be gravity or pressure conduits. Tlie Itmg 
masonry conduits which carry the water across valltws are known 
as aqueducts. 

Valves. — In water-supply and plumbing wc^rk varicms kinds 
of valves are in use. These are named (u) from tin* tlcvtce with 
which or the place where they arc conneett^fi, sue h as anidc valves, 
bucket valves, hydrant valves, pipe valves, pump valvi*s; (/)} from 
their shape, construction or mechanism, such as tamical valves, cup 


PLUMBING OF MODERN CITY BUILDINGS. 


6i 


valves, annular valves, screw-down valves, back-pressure valves, 
compression valves, full-way or gate valves. (See Definitions in 
Appendix.) 



Fig, 3.?. Valve Intli- 
eator Post. 


Fig. 33. 


hydrants located along the 


Indicator posts, Figs. 32 
and 33, are used in connec- 
tion with a gate valve located 
in a line of pipe underground 
or under a floor, when it is 
desirable to know whether 
or not it is open. The 
words “Open” and “Shut” 
are on plates that indicate 
the position of the gates in 
the valve from either side 
of the post. 

For fire-protection pur- 
poses these indicator posts 
arc important, for a confla- 
gration might occur with 
disastrous results owing to 
the fact that valves sup- 
posed to be open were 
closed. Indicators should 
therefore always be used in 
connection with the fire ser- 
vice of factories and of pub- 
lic institutions. 

Hydrants. — Every 
waterworks system re- 
quires for fire-protection 
purposes a number of fire 
distribution-pipe system. Sometimes 


Valve Indicator 
Post. 


these hydrants are used also for the filling of the street-sprinkling 
carls, wliile in other cases special hydrants are used for this 
purpose. 'There are two principal types, namely, the post hydrant, 
shown in section in Fig. 34, and the flush hydrant (Fig. 35). The 
former is the common form in the United States; the latter is 
more frecpiently used in Europe. Hydrants are always so con- 
structed that their pipes are left empty when the hydrant valve 
is closed and the hydrant not in use. 
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Water Supply of Buildings. 

For the maintenance of a well-arranged system of plumbing and 
house drainage in buildings a perfect system of water supply and 
distribution is required. The water supply and the sewerage of 
habitations are correlated, each requiring the other in order that 
their objects may be well and satisfactorily fulfilled. 

The water supply of dwelling-houses will be described in detail 
in Chapter V, and that of the larger modern office and other build- 
ings in Chaiiter VI.* The following paragraphs are intended to 
give a condensed summary of the subject. 

The water supply of buildings varies according to the source of 
supply and the available pressure. In cities, it is derived from the 
network of street mains which form the water-distribution system; 
for country houses it is often necessary to install an independent 
supply derived from dug, driven or bored wells, rain-water cisterns, 
springs, brooks, creeks and streams, or from lakes. 

Supply Systems. — The plumbing appliances in buildings are 
supplied either from direct street pressure, or from house tanks, or 
by a combination of both systems. Where the pressure in the 
street mains is high, house tanks are unnecessary; but country 
houses usually, and city houses sometimes, require tanks in order 
to store the water pumped. A combination of both methods 
becomes necessary in districts of cities where the pressure is in- 
sufficient to reach the upper floors of buildings at all hours of the 
day. (See ('hapter \'.) In such cases tanks are provided which are 
filled from the jiressure, where this is higher during the night hours; 
where doulit e.xists as to this being always the case, the tanks are 
filled by means of house pumps. 

In country houses, however, the water must always be lifted to 
the tanks by immps. Pumping is likewise required when pressure 
tanks are used. 1 )rinking-water should, where possible, be supplied 
from direct street pressure. 

In some instances the jiressure in the street mains is too heavy, 
and in this case house tanks are useful in preventing the quick 
wearing out of the plumbing system. 

* Thir siK-rial foiituros involved in the water supply of country houses are to be 
foun.l in the author’s IkkiU .-nlitled “The Sanitation, Water Supply, and Sewage Dis- 

posal of Country Houses/^ X909, 
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House Tanks. —House storage tanks are constructed cither of 
wood or of steel. If of wood they arc eitlier Iniilt of staves in round 
form like coopers’ tanks, or they are made of ntirrow l)oards and 
their inside lined with tinned copper. Lead-lined and galvanized 
iron tanks are unsafe, owing to the danger from water standing 
long in contact with these metals. I’aintcd wrought iron tanks 
are also much used. All tanks except those placed on the roofs 
require tank safes, iron tanks particularly so because they sweat in 
summer owing to condensation. Tanks should tdways be pro- 
vided with covers to exclude dust; these are indispensalde when the 
tanks are located on the roof. 

Tank overflows should discharge on to the roof tir into a sink in 
the lower part'of the house; they should never connect with a soil 
or waste pipe. Emptying pipes should be provided for cleaning 
out the tanks, and these as weU as the safe wastes mtty discharge 
on the roof; a connection with a soil or waste pipe is not permissible. 
Tanks should be supported on heavy steel beams. 

Water Mains and Service Pipes. — The street mains are of cast 
iron and the service pipes of galvanized wrought iron or of heavy 
lead pipe. Brass taps or corporation stopcocks, usutilly J and 
I inch in diameter, connect the service pipe with the street main. 
The larger residential buildings are su])plied from one or several 
|-inch, and sometimes by i-inch services through water meters. 
Public buildings require supply pipes varying from i to 4 inches; 
theater buildings and manufacturing establishments reciuire 6-inch 
mains for fire protection. 

Diagram Plate 4, for the discharge of large water mains, has been 
enlarged and recomputed by the author from a sitnilar one in the 
fourth editionof the “ Handbuch der Ingenieur Wissenschaften, " the 
metric measures and values being changed by him to Engjish values. 

This diagram is based upon one constructed by Professor Bau- 
meister in 1884. The horizontal line gives the volume of water in 
cubic feet per second; the vertical lines indicate velocity of water 
in feet per second. The inclined lines represent the diameter of 
pipe in inches, and the curved lines indicate the ratio of fall to length. 
Each curve, as will be seen, has two vtdues for J, the sratiller one 
being for a coefficient of roughness b <» 0.27, the Itirger one for 
coefficient = 0.45. 
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The diagram, is worked out fronr the Rutter foimula, 

a \/r — 

Velocity — _ X n k X J, 

b - 1 " \ R 

in which a = loo and b represents one of 1 2 eoelheients of rough- 
ness varying from 0.12 to 2.44. 

sectional urea lilled 
^ represents p,H„Hder ' 

Example.— To discharge 15 cul)ic feet pt‘r second, with / ;.== 
0.002 (coefficient of roughness == 0.27), a pipe .q inches in diameter 
is re(^uired. The velocity of Ilow would h^^ ft it ]ar sttond. 

Supply Pipes. — The water pipes inside of builtlings are of differ- 
ent materials, viz., either of lead, of galvanized wrought iron or 
of tinned brass. 

Sizes of Supply Pipes. — Table No. VI gives tlie usual sizes of 
pipes used in dwellings for the sui>ply tif plumbing lixluies. 


TABLE VI. 


Main Supply or Service Pipe. ■ , . . . . j 

li 2" 

Supply to House Tank 1 

•1 0" 

Pump Risers . . . i 

li 

Supply to Kitchen Boiler j 

1 ll" 

‘‘ Laundry Boiler | 


Supply Risers to Bath Rooms [hot aiul coltlj 1 

1 '•[" 

Branch Supply to a Water-closed ('istern ... j 

P’* 

“ “ Bath Tub 1 

4 

“ “ “ Wash Basin i 


“ Pantry Sink ] 


‘‘ Kitchen, Scullery or Skip Sink . j 

:■' ft 

4 

“ “ Urinal Cistern. ...... . . | 


“ “ “ Needle and Shower Bath, , . | 

J 5 ^' 

‘‘ “ “ Site or Foot Bath or Bkkt. | 

.Uf 

“ Set of Laundry Ikihs. . , | 


Water-closet Flush Pipes ... j 


Urinal Flush Pipes 1 
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Arrangement of Supply Pipes. — The supply pipes should always 
be run so that they may be completely emptied when the water is 
shut off; rising lines should be kept exposed and not be placed in 
outside walls or in plastered partitions; wherever necessary, supply 
pipes should be protected against freezing. Every branch from a 
riser or distributing line should be provided with shut-off valves 
and air chambers. 

Freezing of Pipes. — Service pipes, tanks, flushing cisterns and 
water-supplied fixtures should not be placed where they may be 
exposed to frost. 

Faucets and Shut-offs. — Special devices are used for governing 
the flow of water through the house pipes, such as ball cocks, for 



cisterns and tank supplies; stopcocks in the line of pipes regulating 
the flow of water through it; and faucets or bibcocks, placed at the 
ends of branches for the supply to fixtures. These are constructed 
either as ground key work with all-metal tapering plugs, or as com- 
pression work with compressible washers. Round-way cocks give a 
better flow of water than the ordinary kind. The compression cocks 
are either hand-closing or else self-closing. (See also Chapter V.) 

Delivering Capacities of Faucets. —The following table, pub- 
lished by a German firm of manufacturers, gives the discharge of 
faucets and shut-off cocks of the compression or screw-down type, 
constructed as shown in Fig. 36, a and b. In this special type of 
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fitting the waterway when the bib is opened, as in a, is larger than 
in ordinary compression bibs. The hydrostatic head was meas- 
ured directly at the bib. The values for the discharges given in 
the table are for bibs placed at the end of a line of supply pipe, as 
at a. For shut-off bibs in a line of pipe, as at b, the discharge 
would be somewhat smaller than given, the percentage of deduction 
depending upon the friction in the pipe line, i.e., upon its length 
and diameter. 

Delivery of Water through Service Pipes. — Table VIII gives 
the amount of water delivered by clean new supply pipes of differ- 
ent diameters under various heads of pressure and lengths of lines. 
A diagram of .the discharge of service pipes, taken from Coffin’s 
book on “Hydraulic Calculations,” is given in Plate 5. Other 
diagrams of the discharge of service pipes may be found in Chapters 
VI and Vlll. 

Pressure Regulators. — Pressure regulators are applied where 
the water pressure in the district and in the service pipes is very 
heavy. An excessive pressure tends to strain the house supply 
pipes, increases the trouble due to water hammer, and is apt to cause 
a quick wearing out of the supply pipes and fittings. 

There are numerous patterns and types of pressure regulators, 
and the majority make use of brass springs in connection with 
balanced valves, and are provided with an adjustment device to 
obtain any pressure reduction desired (Figs. 37 and 38). 

Pressure regulators should not be used where not absolutely 
necessary, as they often give trouble and get out of order, chiefly 
so in the case of waters containing sand, grit or other foreign sub- 
stances. *• 

Water Meters. — These are devices used to measure and control 
the consumption and to check the wasteful use of water, particu- 
larly in manufacturing establishments and in large city buildings 
generally. 

Filtration. — The water supply for cities or communities is filtered 
on a large scale by means of artificial filter beds, composed of layers 
of gravel and sand; this method is called the sand-filtration system. 
The filter basins are either open or covered. The reservoir for 
the storage of the filtered water should always be covered. 

Domestic or household filters are intended for use in individual 
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TABLE VIII. 

Discharge of Water Service Pipes after Hubbard’s Diagram, 
based on Weston’s Formula. 


Diameter 
of Pipe 
in Inches. 

U.S. Gallons 
delivered 
per Minute. 

Loss of 
Head 

per 100 ft. 

Diameter 
of Pipe 
in Inches. 

U.S. Gallons 

delivered 
per Minute. 

Loss of 
Head 

per xoo ft. 


I 

3-5 


I a 

■S 

r/J 

2 

12 



1 1 

72 

3 

23 


14 1 

1 *4-5 


4 

39 

1^' 

iCi 1 

iH 


2 

4 


jK 

22 


3 

8 


20 1 



4 



40 

5K 
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Diagram 5. Discharge of Small Service Pipes (from Coffin, Graphical Solution of 

Hydraulic Problems). 


GaEons per Min, 






Fkj. 37. Figure Relator. Fig. 38. Pr^ure Relator. 
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buildings and are of two types. The pressure filters, which repre- 
sent the first type, are placed in the line of the main service pipe of 
buildings, and they clarify the entire water supplied to the build- 
ings; they are usually designated as mechanical filters. The other 
type consists of filters of comparatively smaller capacity attached 
to the faucets or nozzles. They are termed drinking-water filters, 
and some of the types in common use are the Pasteur-Chamberland 
and the Berkefeld filters. They render the water practically 
germ-proof, but require cleaning at frequent intervals and also 
occasional sterilizing. The filtering material is either porcelain or 
infusorial earth compressed artificially into a kind of stone, or else 
some natural stones of fine grain are used. In the larger mechan- 
ical filters the material used is either sand, gravel, charcoal, iron 
oxide, quartz, or other material. 


Work of the Plumber. 

There was a time when plumbers used principally lead as mate- 
rial for their work, and the name of the craft was derived from it. 
Soil pipes were made of sheet lead rolled into cylindrical forms and 
soldered at the edges. Cisterns, tanks and sinks were lined with 
lead, and the roofs of buildings were covered with it. The old- 
fashioned hand-made traps, the rain-water heads, gutters, leaders 
and flashing consisted of this metal. Later on, cast-lead pipes 
came into use, and they in turn were superseded by drawn-lead 
pipes, bends and traps. The tedious work of bending pipes 
by hand is now done away with. Traps are made of drawn 
lead and are superior because they have no sand holes such 
as the cast-lead traps had, and because they have no soldered 
seams at which the old-fashioned hand-made traps frequently 

Pipes and Pipe Joints. —A large part of the plumbers work 
consists in running pipe lines and in the jointing of these pipes. 

The material for pipes differs according to the service which they 

have to perform. 

For soil and waste pipes the plumbers use heavy cast-iron or 
asphalted or galvanized wrought iron; heavy lead pipe is used or 
the short branches. 
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For vent .pipes they use heavy cast-iron, galvanized or lead- 
lined wrought-iron, heavy lead and brass i)ii)e. 

For drain pipes they use earthen, cement and extra heavy cast- 
iron pipe. 

For supply pipes, heavy drawn-lead, jdain black, galvanized, 
enameled, lead-lined, tin-lined and glass-lined wrouglu-iron 
pipes, or else tin-lined lead pijie or tinned brass and copper 
pipe. 

For suction pipes from cisterns and jvclls, tin-lined lead and block- 
tin pipe. 

For illuminating gas, natural gas, acetylene gas, bliu k or jilain 
wrought-iron pipe, galvanized-iron i>ipe, and, for ex]iosed Jiiping, 
brass. 

For steam, plain black wrought-iron pipe. 

For gas and water street mains, heavy asphalted east-iron hub 
pipes, cast-iron Universal j)ipes with lugs, asphalted or cement- 
lined wrought-iron pipes, and wooden-log pipes. 

Pipe joints differ according to the material of the pipes, (dazed 
earthen pipes are jointed with cement; ctist iron pipes with oakum 
and molten lead; lead pipes by solder-wijK-d joints; Iirass and 
wrought-iron pipes by screw joints; copjier jiipes are jointed by 
soldering and brazing; lead and iron pipes are connected by means 
of brass ferrules or nipples, and lead and brass pipes are joined by 
solder-wiped joints. 

With progress in manufacturing, better and stronger materials 
than lead pipes became available for the plumber’s work. 'I'he cast 
and wrought iron pipes for water, sewage an<l g;ts lines, and the 
copper and brass pipe.s, fittings and traps for interior plumbing work, 
have to a large extent replaced the former lead work and g.iven to 
plumbing work an entirely different character. In the modern 
American plumbing comparatively little lead work is u.sed, whereas 
in England and France the trade still uses to a large e.xtent lead 
soil, water and gas pipes. 

The journeyman of to-day should understand not only the wijiing 
of soldered joints, but he must also be able to make sc rew joints in 
wrought-iron and brass piping, lead-calked joints in cast iron pipe, 
as well as flange joints and other special joints in block and tin- 
lined pipes. 
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Other Work of the Plumber. — Plumbers’ work comprises the 
running of soil and waste pipes and of house sewers; the installa- 
tion of sewage-lifting apparatus or of sewage ejectors; the tapping 
of street mains and inserting of corporation stops, the bringing of 
water services into buildings, and the proper running and distribu- 
tion of the sup])lies for the plumbing appliances, tanks and hot- 
water boilers; the fitting up of water meters and the setting and 
connecting of water-lifting apparatus, such as hand lift and force 
pumps, hot-air pumping engines, steam and gas pumps, water 
motors, electric and fire pumps. 

Quite often {ilumbcrs fit up cooking ranges for coal or for gaseous 
fuel; they also make the connections of the water backs or pipe coils 
in the range with the kitchen boiler, hence they should thoroughly 
understand how to obtain a perfect hot water supply distribution 
and hot-water circulation. 

Installing Fire-protection Apparatus. — Plumbers’ work embraces 
the installation of fire-protection apparatus in buildings, such as 
special lire pumps, standpipes, fire valves and fire hose. 

In theaters, institutions, and in manufacturing establishments, 
as well as in high office buildings, the plumber erects the standpipes 
for fire protection; sometimes he installs the entire fire-extinguishing 
apiiaratus. ' In some cases fire standpiiies are run on the outside 
of buildings, with branches provided for all of the floors, and with 
one or several fire dejiartment connections at the bottom of the line, 
to which the fire engines are connected. Such standpipes are called 
“dry” because they are ordinarily kept empty. More usually, \ 

the stundpi])es are jilaced on the inside of buildings, with branches 
and lire valves on every floor, and equipped with standard fire 
hose and lire. nozzles attached to the valves, and the line is always 
kept full of water in occupied buildings heated in winter time, 
in onU'r to be instantly available in case of fire. 

'Pile recent fire department rules of New York City require every 
building exceeding 85 feet in height to be provided with an interior 
stand])ip(', which must be from four to six inches inside diameter, 
according to the height, with 2i-inch branch outlets on each floor, 
and which also must be extended out to the street in front of the 
building and there jirovided with a Siamese fire department con- 
nection. 
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Setting Plumbing Fixtures. — The plumber should he thoroughly 
conversant with the setting up of the numerous kinds and tyjtes 
of plumbing fixtures and understand how to eonneet tluun with the 
soil and waste pipes in such a way as to secure a ([uick and safe - 
removal of the waste water or house sewage, and at tlu' same time a 
perfect exclusion of the sewer air. He should in particular know 
how to avoid dangerous by-passes in the plumbing system. A 
number of such by-passes or faulty connections due either to 
ignorance or carelessness have been shown in the illustrations, 
Figs. 26-29. 

Gas Piping Work. — At the present time the plumber also fits up 
buildings with gas pipes, for lighting, cooking, heating and power 
purposes. Formerly such work was done exclusively by a separate 
trade of gas fitters. In country houses he also sets up ami connects 
the machines for the generation of lighting g:is. 

Plumbing Work of Country Houses. — In the case of country 
residences, the plumber often provides pressure or gravity conduits 
for bringing the water from a spring, a reservoir or a mountain 
lake to the buildings; he also sets up hydraulie rams, i>rects wind- 
mill pumps with tower tanks or with pneumatic pres.sure tank-s. 
He digs or drills wells for water supply, and buihls umlerground 
reservoirs or cisterns for the storage of rain water. In' connection 
with cisterns he puts up the pipes which are to convey tlu- water 
falling upon the roofs. His work also includes the tilting up of 
rain-water cut-offs on the leader pipes, of filtering chambers for the 
rain water, and the pipe connections between pum[)S and cisterns 
or wells. 

Plumbing of Bath Houses. — Under the direction of architects or 
of sanitary engineers plumbers fit up public hath houst-s, and put in 
the piping installations of swimming-baths, of 'Fiirkish and Ru.s.sian 
baths and of special hydropathic establishments. 

Special Work. — Special plumbers’ work is the fitting up on 
board of ships and yachts of ship closets, lavatories, baths and 
sinks. In large hotel kitchens, and in kitchens an<i laundries of 
public institutions, plumbers make the num<T(jus c'onnections 
required for steam cooking kettles, for laundry machinery, etc. 
(See Gerhard’s Kitchens and Laundrie.s, Chicago, iqio.) Plumbers 
also fit up water sterilizers and mechanical or pressure filters. 
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Future Progress in Plumbing. — At the time when water was 
first introduced into habitations, plumbing work was a very simple 
affair compared with the very intricate and elaborate plumbing 
system of the large modern buildings. But while it is true that 
much progress has been made in the art of fitting up buildings 
with plumbing conveniences of all kinds, the manual work of the 
plumber has not advanced so much. Future improvements should 
be directed towards a more accurate and mechanical workmanship. 
By this I mean that it should be possible to lay out the plumbing 
work and fit it in the shop in much the same way as the machinists 
turn out their work in the erecting shop. This would enable a 
more rapid and more accurate putting together of the several parts 
to be assembled at the building. 



CHAPTER IT. 


SANITARY FIXTURES AND APPLIANCES. 

Modern Conveniences: Their D.-vncskr and how to .Vvoin it. 

Modern town and country houses are rarely considered finished 
and completely furnished unless they contain a fair nuinher of 
household conveniences. Among the latter, the domestic sanitary 
fixtures and appliances constitute, doulitless, those of the greatest 
importance, for unless carefully and judiciously selected and 
fitted up in accordance with the best rule's of modern sanitary 
drainage, they may, instead of being a comfort anil a labor saving 
convenience, turn out to be health-endangering features in a 
dwelling. 

Indeed, the innumerable instances of bad plumbing ami defective 
drainage of the past years have caused many iirudent householders 
to look with suspicion upon plumbing generally. 'Phe sensational 
writing of some sanitarians has also done much to create a feeling 
of distrust and fear against sewers, house drains and llii' fittings 
and fixtures connected with them. 

Some medical practitioners, too, have contributed their share 
towards increasing this feeling of suspicion, ^'ears ago, I )r. Frank 
Hastings Hamilton, in a well-known and niutit dis<*usstT] ('ssuy 
entitled “The Struggle for Life against C'ivilization and .-Kstheti- 
cism,” reached the following conclusions: 

“In order to render pure and innocuous the aimosplu-re of .mr houses, 
whether the sources of its impurity are to he found in our presenl system 
of lighting, heating or drainage, it will be neres.siiry, first of all. that civili- 
zation should make some concessions. ... If we limit ourselves to the 
consideration of the unwholesome atmosphere of our houses -although 
this does not by any means constitute the oiilv possible or probable 
source of sickness and physical ilecay iiieident to i ivilization -the 
concessions demanded, as a condition of tlu- suen'ssful appliiatiou of 
our present knowledge of the laws of hygiene, are: 
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That all plumbing having any direct or indirect communication 
with the sewers shall be excluded from those portions of our houses 
which we habitually occupy. In other words, that it shall be placed in 
a separate building or annex. 

The concessions suggested by Dr. Hamilton, which refer to heat- 
ing and lighting our homes, are omitted here purposely. 

Let us consider whether the learned writer of these paragraphs 
was right in what he said concerning plumbing work, and whether 
his suggestion of |)lacing all plumbing fixtures in a separate annex 
to a house is the only remedy for the dangers incident to bad house 
drainage. 


Sanitary Arrangements and Appliances. 

The object of all domestic sanitary appliances is to facilitate good 
housekeeping by reducing the trouble and labor and by furthering 
neatness and tidiness of servants, to aid in establishing perfect 
cleanliness in the household, and to increase the convenience and 
comfort of a house. Indeed, the influence of good sanitary appli- 
ances upon the health of body and mind of individuals can hardly 
be queslioned, provided, of course, the fixtures are properly arranged 
and properly taken care of. To do entirely without ^‘modern 
improvements would be almost as impossible as it would be to do 
without railroads, steamboats, telegraph wires and telephones. 

There is, nevertheless, a certain amount of truth in the statements 
quoted, if we apply them to the actual condition of plumbing, 
heating and lighting arrangements as found in the majority of 
existing buildings. After many years’ experience in the sanitary 
inspection of buildings both in cities and in the country, I am safe 
in positively asserting that there are but very few older houses 
which are habitable from a sanitary point of view. 

As a rule, plumbing work done twenty-five or more years ago 
is radically defective, and such is also undoubtedly true of the heat- 
ing arrangements, whether by stove, furnace, steam or hot-water 
api)aratus, whether by direct or indirect radiation, and it applies 
equally to the fixtures and pipes serving to light our dwellings with 
illuminating gas. All these appliances combined continually tend 
to contaminate the atmosphere in our houses, and to this air, ren- 


CHAPTER 11. 


SANITARY FIXTURES AND APPLIANCES. 

Modern Conveniences: Their Dancer and how to .\voin it. 

Modern town and country houses are rarely considered linislied 
and completely furnished unless they contain a fair nuinher of 
household conveniences. Among the latter, the domestic sanitary 
fixtures and appliances constitute, doubtless, thosi' of the greatest 
importance, for unless carefully and judiciously selected and 
fitted u^ in accordance with the best rules of modern stinitary 
drainage, they may, instead of being a comfort and a labor saving 
convenience, turn out to be healtli-end angering features in a 
dwelling. 

Indeed, the innumerable instances of bad plumbing and defective 
drainage of the past years have caused many prudent householders 
to look with suspicion upon plumbing generally. 'I'he sensational 
writing of some sanitarians has also done much to create a feeling 
of distrust and fear against .sewers, house drains tmd the fittings 
and fixtures connected with them. 

Some medical practitioners, too, have contriinite<l their share 
towards increasing this feeling of suspicion. \'e;irs :igo, Dr. Frank 
Hastings Hamilton, in a well-known an<l much discussed essay 
entitled “The Struggle for Life again.st ('ivilization and .-Ksflu'ti- 
cism,” reached the following conclusions: 

“In order to render pure and innocuous the atiuosjilu-rc of our houses, 
whether the sources of its impurity are to he found in our |irf-,cnt syMcni 
of lighting, heating or drainage, it will lie necessary, first of alt. tliai civili- 
zation should make some conces.sion.s. ... If wc limit oiirwlvcs to ilie 
consideration of the unwholesome atmosphere of our houses altlmugh 
this does not by any means constitute the only possilde or prohahlc 
source of sickness and physical decay iucideiil to <ivi!i/,aiion -the 
concessions demanded, as a condition of the .successful application of 
our present knowledge of the laws of hygiene, are: 
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“ That all plumbing having any direct or indirect communication 
with the sewers shall be excluded from those portions of our houses 
which we habitually occupy. In other words, that it shall be placed in 
a separate building or annex.” 

The concessions suggested by Dr. Hamilton, which refer to heat- 
ing and lighting our homes, are omitted here purposely. 

Let us consider whether the learned writer of these paragraphs 
was right in what he said concerning plumbing work, and whether 
his suggestion of placing all plumbing fixtures in a separate annex 
to a house is the only remedy for the dangers incident to bad house 
drainage. 


Sanitary Arrangements and Appliances. 

The object of all domestic sanitary appliances is to facilitate good 
housekeeping by reducing the trouble and labor and by furthering 
neatness and tidiness of servants, to aid in establishing perfect 
cleanliness in the household, and to increase the convenience and 
comfort of a house. Indeed, the influence of good sanitary appli- 
ances upon the health of body and mind of individuals can hardly 
be questioned, jirovided, of course, the fixtures are properly arranged 
and properly taken care of. To do entirely without “modern 
imjirovements ” would be almost as impossible as it would be to do 
without railroads, steamboats, telegraph wires and telephones. 

There is, nevertheless, a certain amount of truth in the statements 
((uoted, if we apply them to the actual condition of plumbing, 
heating and lighting arrangements as found in the majority of 
existing buildings. After many years’ experience in the sanitary 
inspection of l)uil(lings both in cities and in the country, I am safe 
in positively asserting that there are but very few older houses 
which arc luibitable from a sanitary point of view. 

As a rule, plumbing work done twenty-five or more years ago 
is radically defective, and such is also undoubtedly true of the heat- 
ing arrangements, whether by stove, furnace, steam or hot-water 
a])paralus, whether by direct or indirect radiation, and it applies 
ccpially to the fixtures and pipes serving to light our dwellings with 
illuminating gas. All these appliances combined continually tend 
to contaminate the atmosphere in our houses, and to this air, ren- 
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dered measurably impure, much illness and continued low condition 
of health may, undoubtedly, be attributed. 

An enumeration and description of the most usual defects would 
alone fill a volume. Books, large and small, popular an<l scientific, 
are readily accessible in which defective work and its injurious 
influences upon health are described. 1 shall not give a long and 
startling account of the common features of faulty work, hut will 
merely state that, in my judgment, such defects are avoidable and 
that it is perfectly feasible to enjoy the tulvantages of “modern 
conveniences” without following the I'.xtrmne views mtuntained 
by some theoretical sanitarian.s. It is certainly undesirable, and it 
is not necessary, to banish all plumbing fixtures to an annex sepa- 
rated from the main building. It is likewise possibk* to light 
our rooms with illuminating gas and to lieal aiul ventilate our 
dwellings with steam or hot-water aijparatus, or by a warm-air 
furnace, in a safe, agreeable and healthful manner, retaining, 
however, in the principal rooms, for the sake of ventilnti{)n, the 
welcome fireplace. Doubtless it becomes necessary to make a few 
concessions to secure safety, but the sacrifices required are not 
such, I believe, as would meet with much opposititm. 

General Advice on Sanitary Matters. -- First, I uilvise in awarding 
contracts for work on buildings, to keep entirely sr/nirtilr from the 
builder’s contract the plumbing and drainage work, the heating 
and also the lighting. Separate estimates should be received 
for these important branches from re])Utable linns, and the con- 
tract awarded to a responsible man in each line of work, or else the 
work should be done by the day on a percentage basis. Subsequent 
repairs become necessary very soon wherever work of tliis ( haraider 
is done in a hasty and superficial manner, without prnp<*r siqier- 
vision, and by the man who puts in the lowest bid. .\nuoying 
repairs are almost entirely avoided where the above advi<*e i>, followed. 

Second, I recommend to employ in the work none but first doss 
tradesmen and mechanics with large experience, who have the 
reputation of being thoroughly competent and honest. 

Third, I advise using only first-class material, fittings and appli- 
ances. By “first class” I do not mean appliances of more than 
usual elegance, enriched by expensive decorations and fitted with 
costly cabinet work. On the contrary, I refer to plain and simple 
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appliances, in the manufacture of which, however, the best available 
material and best workmanship have been combined. Such appa- 
ratus, it is true, will cost more at first than the usual sum set aside 
for such work, but it will pay better in the end to select only fixtures 
and fittings of the best manufacture. 

Fourth, no more sanitary fixtures than are actually needed should 
be put in a house, and all plumbing which will not be in daily and 
constant use should be avoided. 

Fifth, I recommend that no plumbing appliance of any kind 
be placed in any bedroom or unventilated closet adjoining it. In 
other words, all plumbing should be confined to the bath rooms, 
toilet rooms, the kitchen, scullery, pantry and laundry. This 
will necessitate doing without the “set” bowls in bedrooms so often 
scattered all over a house. I advise doing this, because it is better 
not to run even a slight risk in adopting the so-called “modern 
conveniences.” While I shall hope to be able to demonstrate that 
plumbing can be so arranged as to be perfectly harmless in a well- 
ventilated bath room, the risk of exposure to sewer air from an open- 
ing into a sewer from a bedroom, even when such opening is trapped, 
cannot and should not be disregarded. To quote from Clarence 
Cook’s “The House Beautiful”: 

“There i.s one customary enemy to be got rid of in the bedroom, 
and that is the fixed washstand. This machine is useful enough in 
public places, in hotels and restaurants, but ought to be banished, both 
for .sanitary and a;sthetic reasons, from our domestic life. Leaving out 
of view the exi)ense of plumbing arrangements, — their liability to get 
out of order, the frequency with which they get stopped up, and freezing 
in the winter, and all the evils water and drain pipes are heir to, — I 
believe it is now admitted that the drain pipes are the source of a great 
deal of di.seasc of our cities and even our country towns. Convinced of 
this, and seeing no certain way to prevent the evil so long as drain pipes 
are allowed in bedrooms, many people nowadays are giving up fixed 
washstands altogether, and substituting the old arrangement of a movable 
piece of furniture .with movable apparatus, — the water brought in 
pitchers, and the slops carried bodily away in their native slop-jars.” 

Finally, I warn against the widely spread belief that plumbing 
work — and heating apparatus as well — once finished, may be 
left to the management of ignorant domestics, and that they require 
no looking after. This view is indeed an erroneous one, and I 
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would advise doing away with plumbing lixturcs altogether rather 
than to run such risks. This will, 1 hoi)e, become more ai)i)arent 
in the subsequent discussion and detailed description of the ai)pli- 
ances which I consider suitable for use. 

It must be conceded that it is desirable to have the utmost simplic- 
ity of arrangement, and that all useless complication of such work 
is to be avoided, but, on the other hand, convenience of use should 
not be lost sight of. 

Every room and closet of a house, containing i)lumbing apparatus, 
should be amply provided with air and light. How to arrange 
plumbing fixtures in such a manner as to secure immunity from 
sewer air, and how the much-needed flushing of traps and waste 
pipes and the equally desirable ventilation of the whole waste-piiie 
system can be effected, has been i>ointed out in the preceding chap- 
ter. How best to avoid all manner of complicated movable ma- 
chinery, in the shape of valves, cranks, levers, wires, rods, etc., and 
how the fixtures may be so arranged as to securt* cleanline.ss and 
freedom from any dirt accumulation, will he discussed later on. 

Plumbing Fixtures in General.— ■ Before I di-scribe more in detail 
the various appliances which in my judgment are liest adapted 
to the needs of residences, I desire to say a few words in general 
about plumbing fixtures. 

The selection of suitable apparatus is a matti-r of the greatest 
moment, inasmuch as household cletinliness must depend to a 
large extent upon its character and arrangement. .\nd here I 
find myself quite at variance with some sanitary advisers who 
emphasize only the requirement of a proper system of <lrains, waste 
pipes and traps, claiming that “if the drainage pipes of a house 
are well ventilated, and the branch pipes from fi.xtures well trapped, 
it makes little, if any, difference what kin<l of apparatus is connected 
to them.” 

While I admit that a number of undesirable or bad appliances 
attached to a well-devised pipe system cannot do the same amount 
of harm as the very best fixtures if set upon badly arranged and ill- 
ventilated or untrapped pipes, yet it a])pears to me very imitortanl 
and decidedly better in the end to use care and j\ulgment in order 
to obtain a system of drainage which will be per/rd in all respects, 
in other words, with faultless traps tind faultless pipes, but also 
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with ' faultless fixtures. As the object of a good system of town 
sewerage may be entirely defeated by a defective system of house 
drainage, just so may the best system of soil and drain pipes in a 
building fail to give satisfaction on account of improper fixtures 
or traps. 

Plumbing fixtures, to begin with, should be concentrated in a 
dwelling as much as possible, and not scattered about in all direc- 
tions. One should avoid a multiplication of soil-pipe stacks, or the 
ecjually objectionable alternative of long lateral waste pipes which 
must of necessity be carried with insufficient fall, and which often 
require a deep notching of the floor joists. Each fixture should, if 
possible, have an entirely separate and independent connection to the 
main pipe system. Moreover, each fixture should be separately and 
safely trapped. 

There is an endless variety of plumbing appliances obtainable from 
manufacturers or dealers, but the range of selection becomes quite 
limited when a few of the leading requirements are considered. It is 
hardly necessary to say that the material of the fixtures should be 
strong and durable, non-absorbent and non-corrosive, and the in- 
terior surfaces highly smooth and free from corners which readily 
become befouled and which are difficult to clean. All unnecessary 
complication must be avoided. Convenience and simplicity are the 
great desiderata for all fixtures. It is well, in particular, to avoid all 
useless movable machinery liable to derangement and requiring fre- 
cjiient repairs. 

All fixtures should be arranged in an open manner and without 
the commonly followed method of encasing fixtures with tight wood- 
work. 

All concealed overflow channels should be avoided as being diffi- 
cult to flush and hence liable to accumulate and retain foul slime, 
which readily putrefies and causes annoying smells. The same 
applies in a lesser degree to safe drip pipes. The fixtures should one 
and all be arranged without any hidden or inaccessible overflow pipe, 
yet be constructed in such a manner as to remove with safety any 
accidentally overflowing water. 

The fixtures which I recommend and prefer to use differ from 
those commonly chosen in having unusually large waste outlets, so 
as to give a free and quick discharge and to cause a thorough scouring 
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of the waste pipes attached to the fixtures. The pipes, on the con- 
trary, and the traps attached to them, should be of a smaller bore 
than it is usual to make them. In this wa}' only can the fouling and 
subsequent stoppage of waste pipes and traps be ultimately and elTi- 
ciently prevented. The arrangement advocated is (piiti* the opposite 
of what is considered proper by the majority of architects, builders 
and plumbers, who still prefer to use fixtures which havi' small outlets, 
obstructed by strainers, and which cm])ty througli large branch pljics 
and through possibly still larger traps into the main drainage cliannel. 

In order to still further insure the complete scouring of the interior 
of waste pipes, I endeavor to avoid the usual trickling Ilow from lix- 
tures by advocating and selecting certain tyf ies of ajipliances arranged 
so as to constitute small flush tanks; that is to say, those in winch all 
water can be retained until a large volume accumulates, wlien it is 
sent with great velocity through the ])i])es. This refers in particular 
to sinks and basins. In the case of water-closets, slop-sinks and 
urinals, the separate flushing cisterns fitted u]> with the fixtures 
accomplish the perfect cleansing and scouring of the fixture, trap and 
waste pipe. In the words of an eminent sanitarian: 

“At every point the water used for the trun.spdrtatitm of the Wiustes 
that are to pass through the pipes should he used in the most elTeetive 
manner.’ A thread of water running from an imperfeei f:iuci-t is prac- 
tically of no value whatever. 1'he watchword of our best jire.sent 
movement is the word ‘flushing.' After pipe v<>ntihition the great 
secret of good drainage lies in the use of ulnnidanl volumes of water 
delivered in a mass along with each contriliution of tilth. A perfect 
system of drainage and water supply would he one where at all ordinary 
times not a drop of water flowed through the outlet chanmds, only 
occasional dashes of several gallons luhricating the walls of the pipes, 
and carrying along completely and with velocity sulestanees which, 
under the old system, smeared their sluggish road along the pipe, and 
left material for infectious decompo.sitioii heliind.’' 

It is quite evident that to obtain security in :i system of house 
drainage and plumbing, the aim should be to entirely iemove through 
the fixtures, whether the water-closet, the wtRili Imsiu or the sink, 
the inevitable production of waste matters before deeom fiosilion sets 
in, for in the same degree as the decomposition proeeeils, tlie offen- 
siveness increases and with it the risk of entrance of dangerous gases 
of putrefaction. 
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A Few Words on House Planning, with Reference to 
Comfort and Convenience in Houskeeeping. 

No matter how careful attention an architect devotes to the domes- 
tic needs and requirements of a household, he is seldom able to grasp 
all the smaller details which make up in particular woman’s sphere. 
By combining architectural skill and woman’s practical common 
sense, the plans of a house may be admirably contrived, every 
inch of available space properly utilized, particular attention given 
to the avoidance of dark corners or inconvenient stairs, and the 
rooms and closets provided with ample light. Everything which 
increases home comfort should be duly considered. The conven- 
ience, prospect and aspect, privacy and best distribution of rooms; 
warmth, ventilation and light; the avoidance of damp cellars and 
foundation walls and of leaky roofs, — these and other points com- 
bined tend to make a dwelling not merely a shelter against the ele- 
ments, but a beloved spot where housekeeping may be a source of 
constant pleasure and infinite enjoyment. 

The servants’ quarters, comprising the kitchen, scullery, store- 
room, laundry and pantry on the lower floors, and the housemaid’s 
closet and servants’ bedrooms on the upper floors, should be grouped 
conveniently together, yet be placed, if possible, so as to be shut off 
from the main part of the house. A direct communication can be 
established between the lower and the upper floors by means of a 
convenient service staircase. 

A roomy linen closet should be provided on one of the upper floors 
of every house. This closet or compartment should, where practi- 
cable, be warm and dry, and therefore its position should not be 
against an outer wall. It is well, where space is available, to have 
near it a separate well-lighted and airy closet for the storage of the 
soiled family clothes. Wide shelves of enameled wood or of slate, 
which can be frequently washed, serve for the assorting of the wash- 
ing, which is taken from there to a lift used for the washing only, and 
sent down-stairs to the laundry, to be soaked in the washtubs on the 
night previous to washing day. 

Nor should we overlook in our houses measures tending to pro- 
mote the comfort and health of those whom we expect to work 
for us. Hence the servants’ chambers should not be the usually 
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small, musty holes, which hardly deser\'e the name of a room, and 
which are scarcely sufficient in size to accommodate one small 
bed, a table and a single chair. Servants' bedrooms, i)articularly 
where a separate servants’ hall has not been provided in tlie ])Ians, 
should be of ample size and comfortably fitled up, so as lo be also 
a sitting-room where the servants may escape from llu^ heat of the 
kitchen and rest after the performance of their daily household 
duties. The room should have a i)leasant outlook, good ventila- 
tion, ample light and closet space. To (luote from Robert W. 
Edis, an English architect: 

“I cannot too strongly insist upon the necessity of making tliose aljout 
us as comfortable as possible, for I am (piile .sure tliat, if we |)rovicle 
comfort and health for them, they will he nuu*h more capable of doing 
their daily work fairly and acting well by us. Remember always that a 
large proportion of their lives is spent absolutely undergrourul, and that 
it is essential that they should have at least <me rtH)m wliich sliall l)e 
cheerful, well ventilated, and as plea.sant as we can make it. Ihit 
yourselves in their places, and do as you would be done Iiy, and .so far 
as my experience teaches me, I am morally certain that the master or 
mistress who provides welMighted apartments for tliem to live and sleep 
in will be more certain of keeping good .servants, and td obtaining 
good workdrom them. If they are to Ik? mewed up in ill va^ntilated, 
uncomfortable and unhealthy chambers for the greater part of their 
daily lives, you can hardly expect their work to be properly tlone; the 
atmosphere in which they live will enervate them and make them com- 
paratively u.selessd’ 

The Kitchen.— Nowhere else, perhaps, does careful planning 
secure such good results as in the servants’ deparlnu'nt, and particu- 
larly in the kitchen. The proper arrangement of this room has a 
well-known bearing upon the future comfort and happiness of the 
inmates of a dwelling-house. Hence elTorts should he made lo 
render the kitchen not a mere dismal i)lace, where cooking and wash- 
ing are performed, but an attractive, convenient and bright sjKjt, 
a sitting-room, as it were, for the domestics. 

The kitchen should be of a sufficient size to permit tlie convenient 
performance of the cooking operations; it should he neither too 
narrow and crowded nor of too large dimensions. Windows on 
opposite sides of the kitchen to allow of cross ventilation in the 
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summer time are desirable, but obtainable only in those houses 
which stand detached. 

There should be plenty of closet room and abundance of shelf 
space; in other words, the kitchen should be arranged in accordance 
with the old saying: “A place for everything and everything in 
its place.^’ 

In order to avoid as much as possible the nuisance incident to 
^‘washing day,” the kitchen and laundry departments should not 
be combined. Ordinarily, owing to lack of space, and partly also 
to reduce the labor of the one servant, who is obliged to do both 
the cooking and the washing, these are, at least in the smaller private 
houses, combined in one room. If there is anything which may be 
said to disgust the feelings of any person at all fastidious, it is the 
atmosphere of an ordinary kitchen on the day when washing is 
being done. The whole room seems on such occasions to be filled 
with a mixture of vapors arising from the cooking of food on the 
range and from the boiling and soaping of the soiled family clothes 
and bed-linen, all more or less saturated with the waste excretions 
from the body. These volatile elements attach themselves to the 
furniture of the kitchen, cling to the walls, ceilings and floors; they, 
unfortunately, often penetrate to the front hall, staircase and the 
livingrooms and bedrooms, and announce to any casual visitor at 
the front vestibule the fact that washing is being clone. A thorough 
removal by efficient ventilating flues of both the cooking fumes 
and the vapors from the wash-boiler should be insisted upon. The 
best remedy, doubtless, consists in having a laundry entirely separate 
from the kitchen, both of them being ventilated in the best possible 
manner. 

The Kitchen Sink.— In taking up the discussion of the fixtures 
let us begin with the kitchen sink, which is one of the most indis- 
pensable outfits of a well-appointed kitchen. Unless a special 
scullery is provided, the meat and vegetables are washed and pre- 
pared for cooking in the kitchen sink; it also serves for the washing 
of the cooking utensils and dishes after meals. 

The sink receives much of the kitchen grease, and this gives 
rise to the principal difficulty in dealing with this kind of plumbing 
fixture. The grease usually passes through the sink strainer 
dissolved in hot water, and therefore in a fluid condition. It 
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soon chills, however, becomes more or less solid, all aches ilself to 
the walls of the waste pipes and traps, especially when' lliese are of 
too large caliber, and becomes hard. Tims it .sooner or laler causes 
annoying stoppages. 

This difficulty is well known to most houseliolders, and to avoid 
it careful housewives are in the habit of sa\-ing as much of llie grease 
as possible instead of pouring it out into the sink, whiU' in largo 
houses it is quite usual to employ a device of some form or other, 
technically called a grease trap, which is inlen(U'<l to arn'st tlie grease 
before it passes into the waste pipes. To prevent tlie occurrence 
of obstructions in the sink j)ii>es it is also a common practice to 
pour a hot solution of potash or lye througli the piipi'S, wliich dis- 
solves, at least to some extent, the grease and therel)y cleanses the 
pipes and traps. All grease which remains for any length of time 
attached to the pipes undergoes a raiiid and wry olTensive {)ulre- 
faction, but this fact is apt to be overlooked by houseliolders. 
It thus becomes the sanitarian’s duly to lay particular stress upon, 
this matter and to point out that dangers to health may lurk in the 
kitchen sink pipe not less than in the water closet drain. 

In small houses, and wherever care is taken to save tlu* grease, 
a plain kitchen sink may answer all ])urposes. The usual material- 
for sinks is cast iron, and its surface is sometimes iirotected from 
rust either by painting, galvanizing, enameling or by the Hower- 
Barff process. Paint soon washes olT, the galvanized coating wears 
out, and the enamel or porcelain lining is apt to crack or scale off. 
Plain iron sinks can be kept entirely free from rust, provided they 
are in constant use. 

Much the best, brightest and cleanest material, however, for 
kitchen sinks is white earthenware or solid stoneware. Such sinks 
are now readily obtainable of all sizes and shapes; they an- supported 
on bronzed or galvanized iron or brass or white ptirc<-l;iin legs, and 
are provided either with a hardwood or still beltiT with a, glazed 
roll-rim, doing away with all woodwork (Fig. pp. 'Fhe sink should 
have a marble or porcelain back to protect the wall from splashings. 
Some sinks are manufactured with integral back, thus avoiding the 
rather objectionable joint between sink and back. 

Other kinds of sinks, such as tho.se of ]ilain wood, or wood lined 
with lead, zinc or copper, smd those of .slate or sandstone, have 
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gradually gone out of use. Sinks made of soapstone are still em- 
ployed, especially in the New England States, but they soon acquire 
a black coloring owing to the grease absorbed in the grains of the 



Fig. 39. View of a Solid Porcelain Kitchen Sink. 


stone, which renders their appearance far from inviting. Nothing 
surpasses in purity and beauty a white all-porcelain sink, with 
molded edges, the sink being made strong enough so as not to 
crack or break. 

If such a sink is used, it is quite important to have its outlet pro- 
tected with a strong polished or plated brass strainer, securely 
fastened to the sink, otherwise servants will frequently remove the 
strainer and brush all kinds of solid refuse into the pipes, which will 
cause frequent stoppages and a never-ceasing demand for the 
“family plumber.” Since it is the usual practice in washing 
dishes to set into the sink a wooden vessel filled with water, which 
is quickly emptied after use, the waste pipe and trap receive at fre- 
quent intervals a reasonable amount of scouring, provided the pipe 
and trap are restricted in size so as to concentrate the flushing water. 
For some reasons I prefer a form of kitchen sink having a standpipe 
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overflow in place of an open strainer, and in which water can be 
held. 

Grease Traps for Sinks.— Where much grease is wasted, it is 
customary to use a grease trap with the kitchen sink. My e.viierience 
with several kinds of grease traps has led me to discard all tliose 
attached to the sink, or located close to the sink, or else placed in 
the basement, and intended to arrest and retain the grease. It is a 
most difficult matter to get the cook to attend to the removal of the 
grease at frequent intervals, and the cleansing of the grease chaml)er 
is thus generally neglected. Hence the grease trajis actually soon 
turn into a noxious cesspool within the liousc, and if, llnally, water 
refuses to flow off freely, the removal of the ])ulrelled grease causes 
an abominable nuisance. 

A grease trap of stoneware or built of brickwork, located oul.side 
of the house, not too far away from tlie sink, — f((r otlierwise the 
grease would solidify before it would get to tlie grease tra]), is 
much less objectionable than the usual indoor appliance. 

A device, attached directly underneath the sink whicli was in- 
vented by the late Col. George E. Waring, Jr., seems to answer the 
requirement of preventing the grease from clinging to the inside of 
the waste pipes, besides insuring a good flush to the trap and its 
waste. This apparatus is called the flushpot, and it can be attached 
to kitchen sinks of iron, soapstone or irorcelain. It is illustrated 
in Fig. 40, and to describe it I cannot do better than (juote the 
words of the inventor: 

“The flushpot is an entirely new departure. It holds hack everyihiiiK, 
water and all, until it is filled. The pot under the .sink holds six or s<-ven 
gallons. Its contents are then discharged the whole volniue sud- 
denly — with such flushing force as to prevent adhesion to the walls 
of the waste pipe. It is entirely .simple in its const rttetion an<t needs no 
special thought. When the water cea.ses to run from the sink, the eook 
knows she must lift the plug a of the flushpot, hy means ..f knob c. 
The strainer b may be easily removed at will. The whole interior, 
when exposed to view, is within the ea.sy reach of a clont or a wisji, so 
that it may be kept as clean as a soup kettle. We thus secure the nitire 
removal of the whole of this grcate.st .source of foul <lecomposition ho/ore 
Its putrefaction begins. In discharging the flushpot, the handle sitould 
be raised only until the stop strike.s the lower side of tiu- strainer. 'I'he 
strainer should not be removed e.xcept for cleansing. It should never 
he removed while refuse of any kind is in the sink. ” 
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Fig. 40, Section of Kitchen Sink with 
Flush iK)t. 


But herein lies, possibly, the 
danger in the use of this ap- 
pliance. Kitchen servants are 
proverbially neglectful in small 
matters, however often the mis- 
tress of the house may instruct 
them. Hence much refuse, so 
conveniently brushed out of sight 
by simply lifting the strainer, will 
find its way into the llushpot, and 
although a rapid flush will carry 
away safely through the pipes 
many of the smaller particles, the 
larger and coarser matter may 
sometimes remain in the trap and 
cause obstructions. 

I should be inclined to give 
preference to a standpipe kitchen 
sink, which I once -devised and 
suggested as a modification of the 


flushpot. (See Figs. 41 and 42.) The sink shown in the illustra- 
tions in plan and section is divided by a vertical partition wall a 
into a shallow and a deep part. The shallow sink A , with slightly 
inclined bottom, is used in the same manner as ordinary sinks 
are. The water flows from it into the deeper receptable B through 
a vertical strainer in the partition a, which strainer retains all the 
coarser refuse. This is conveniently gotten rid of by being burned 
in the range. Whenever the deeper receptacle is filled to the over- 
flow line of the standpipe h, the cook lifts the latter by means 
of a knob c, and the discharge is effected in exactly the same manner 
as that of the flushpot described above. The deep receptacle B 
may gradually accumulate greasy slime, but this can be readily 
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prevented by frequent cleansing, which is «'asil\ uccdinplishcd be- 
cause the vessel is left entirely open. Xor i> it tiiiiimli lo lift 
cleanse the standpipe as often as may !«■ tlrsirctl. 'I'hc ih-cp recep- 



FlO. 41. Elan of Sink w'illi SlHii<liiii«- «ml Flu!ilt|«il. 

tacle serves a further u.seful i)urpose in case it is desired m wash 
the utensils, pots, dishes, etc., directly in a vessel hoidinjil a jtreat 
volume of water. The sink can Ik- ma.ie of iron, hut 'a slight 


litriilfiftr 




Fig. 42 . Section of Sink with Sian.ipii*; aii.I Ftiisl,j»,| . 




modification renders the device etjually applit able to the ordinary 
earthen sink. A sink constructed on this principle, hnt mollified 

it^M ^^’7“ manufactured anti sold some y(*ars ago bv the San- 
itas Manufacturing Company of Bo.ston. 
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Walls and Floors of Kitchens. — As regards the immediate sur- 
roundings of kitchen sinks, I advise that under no circumstances 
should a sink have any enclosure of woodwork or cupboards serving 
as a storage place for rags, kitchen utensils, and all kinds of dust and 
dirt. Let everything be kept open and in plain sight. The walls of 
the kitchen to a height of at least five feet should be lined either with 
marble or with white enameled tiles. Their bright, non-absorbent 
and easily washed surfaces add much to the beauty and cleanli- 
ness of a kitchen, besides measurably increasing the light of the 
apartment. 

Concerning the kitchen floor, it is desirable, from a sanitary point 
of view, that it be made impervious to moisture. Concrete, mosaic 
tile or terrazzo floors are decidedly to be preferred to wooden floors. 
Directly under the kitchen sink and in front of the range white 
glazed tiles may be laid. Sometimes a long slab of marble is put 
on the floor where the sink stands. Should wooden floors be used in 
the central portion of the room, they should be constructed of smooth 
and narrow strips of board of the best hardwood, saturated with 
hot linseed oil, and well rubbed to give the surface a bright. polish. 

The Kitchen Range and Boiler. — Another plumbing fixture of 
importance in the kitchen is the hot-water apparatus, comprising the 
water back of the range and the kitchen boiler. The latter term is 
fevidently a misnomer, since the boiler is simply a reservoir for hot 
water, while the water back actually constitutes the boiler. Very 
little of sanitary importance can be said concerning them. The 
proper way of fitting up kitchen boilers is discussed in detail in the 
chapter on “ Domestic Water Supply.” For details about kitchen 
ranges the readers arc referred to the author’s book, “Kitchen and 
Laundries,” Chicago, 1910. 

The Butler’s Pantry. — Adjoining the dining-room, and in the case 
of country houses conveniently placed between it and the kitchen, we 
find in the better class of houses a butler’s pantry and china closet. 
This apartment should contain plenty of shelf room and cupboards for 
the finer china ware and for glasses. It should also be fitted up with 
a good-sized plate-warmer, heated by hot air or by steam, taken 
from the house-heating apparatus, or else by a gas-burner. Quite 
recently plate-warmers heated by the electric current have come into 
use. Sometimes the pantry contains a small refrigerator for the 
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keeping of butter, jelly, or a few wine bottles il-’i;;'. .| . i. Plenty ol 
space should be provided near the window for a pmUrv sink in 
which cups, glasses, plates and line cliina are washed, '['he sink 
should be supplied with hot and cold water, and have a large and 
convenient draining shelf. 
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A'lO. 43 , A Pantry 


The Pantry Sink. — The usual material chosen for pantry sinks i.s 
tinned and planished copper. 'Phis is preferable to enameled east 
iron and also to earthen or [lorcelam sinks, as it avoids tlte fre.iuent 
breakage of the glass and china wtire. ('opper sinks are made in 
a 1 sizes, either with a flat or else with an oval bottom, the former 
being preferable, as dishes do not slide in them as they .lo in oval 
sinks. The ordinary forms of sinks are provided uith an outlet 
placed in the center or at one end of the sink bottom. 'I'lm outlet is 
closed with a plug attached to a chain, ami hem e an ov.-nlow pipe 
must be arranged. Occasionally such sinks ar<- hit..,! up with a 
waste-cock or waste-valve, closing the outlet pipi- ami thus retaining 
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water in the sink. In this case^ too, the usual overflow is arranged 
concealed, though sometimes the waste-valve is constructed so as to 
act as overflow pipe. 

I am not in favor of either arrangement and believe that a much 
simpler and in every way better device consists in a pantry sink with 
standpipe overflow. This does away with both the many easily 
befouled links of the chain and with the nuisance arising from the 
common overflow pipe, which being inaccessible is difficult to clean, 
and never has a powerful flush of water through it, but merely occa- 
sionally a trickling stream. The plated brass standpipe serves at 
once as a plug to close the outlet when water is to be retained in the 
sink, and also as an overflow pipe in case the water should be acci- 
dentally left running at the faucets. A standpipe can be easily lifted 
and readily cleaned, and when arranged in a recess of the sink it is 
not in the way in washing dishes. 

Such pantry sinks are made either of tinned and planished copper, 
of at least twenty-four ounces^ weight per square foot, or else of the 
more expensive German silver or white metal. The most service- 
able, though rather expensive, sinks are those made with two com- 
partments, one for washing, the other for rinsing. All sinks should 
have a large outlet, protected by a strainer. 

A convenient arrangement is what is known as the '‘Sanitas” 
pantry sink, in which the standpipe is provided with a simple cam 
movement to lift it from its seat when it is desired to empty the sink. 
The volume of water discharged from a sink with large outlet is 
concentrated beyond in the smaller trap and waste pipe, causes a 
thorough flushing of both, and prevents the grease from the dishes 
from adhering to the sides of the pipe. 

Another device having the latter object in view is the ordinary 
copper pantry sink with copper flushpot of small size attached to its 
underside. The flushpot is similar to the one shown in Fig. 40 and 
holds about a gallon of water. The operation of the fixture is the 
same as that of the flushpot described for kitchen sinks. 

A pantry sink should always be arranged free from all tight 
enclosure, so that the space under the sink, the floor and the rear 
wall may be entirely exposed and accessible to the broom and dust 
brush of the servant. (See Fig. 44.) The floor should be finished 
in tiles or in marble, as ought also to be the walls, in preference 
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to the usual wooden wainscoting, 'rhe sink should have a back of 
marble to prevent splashing against the walls. C'oneerning the top 
finish of the sink, I would say that tdlhougli it is tjuite customary 
to cover a pantry sink with a marl)le slab on account of its cleanly 
appearance, I prefer using a hardwood draining-shelf, ilu' wood 
being well seasoned, and well tilled previous to use. and arranged 
with a number of inclined grooves to allow the wat<'r drippiigr 
glasses or cups after rinsing to drain away into the sink. Much 
of the usual breakage of china ware by careless servants will thus be 
averted. A still better, though much more exptmsive, drain-hoard 



Fio. 44. View of Pantry Sitik. 

is made in German silver metal, and 1.; comliined with the German 
silver sink, and usually also comprises a metjil s[il;ish back. 

The Refrigerator.— A large storeroom should be planned oil 
the kitchen, preferably on the cool .side of the house, fur the kt'eping 
of the kitchen supplies. The refrigerator m:iy be phteed in this 
room. There is always some danger of the food supply or the milk 
becoming tainted and unfit for use by even .slig.ht (onlaminations 
of the air in the store-closet. Accordingly, s!.eeijil pains should 
be taken to have this apartment well ventilated by a windtiw ad- 
mitting plenty of light and a direct supply of pure ;ur from outdoors, 
at least in summer time. 

Absolute cleanliness should be the principtU fetiture of the store- 
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room. The walls should be tiled to the usual height of the wain- 
scoting, while above it the walls, as well as the ceiling, should be 
finished with a rendering of smoothly polished cement which may 
be enamel painted, so as to be perfectly non-absorbent and readily 
washed and cleaned by means of a sponge. Woodwork should be 
avoided as much as possible. All shelves should consist of slate, of 
marble or of annealed glass. 



There should not, of course, be a direct connection between a 
refrigerator and a soil of drain pipe. In small households a pail 
may be placed under the refrigerator, to be emptied as soon as 
filled by the drippings from the melted ice. But, wherever the 
demands of the household require a rather large quantity of ice, 
the manual labor involved in the frequent removal of the pail is 
quite considerable, and overflows will, in all . likelihood, occur at 
times. It is therefore usual to carry the refrigerator waste over 
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a securely trapped sink placed in the basement or cellar. The 
refrigerator waste pipe should be at least li inches in diameter, 
and provision should be made for freciuent Hushing. One method 
of trapping a refrigerator waste pi])e is sliown in Fig. 45. As 
shown, the waste pipe has not only an anti-siphon trap, but also a 
gate valve to cut off the waste pipe entirely wlien .so desired. 

The Laundry. — The laundry is a specially important depart- 
ment in the practical working of a houseliold, and its fitting up 
should be made perfect in all respects. Much valuable assistance 
may be received, to attain this end, from the counsel of an ex- 
perienced housekeeper, for no man can know the practical details 
of household work better than a woman does. 

The laundry room, as already indicated, should be entirely separate 
from the kitchen, and located so as to avoid the free ilistrilnition of 
laundry vapors throughout the whole house. Where the means 
permit doing so, a further subdivision may be made by arranging 
a separate washing-room or laundry and an ironing room, combined 
with a drying-room. As a rule, liowever, both the washing and 
finishing operations are performed, in private residences, in the same 
room. 

Sometimes this room is put on the top floor of the house so as to 
avoid the nuisance of soapy smells and vapors of steam pervading 
the house. A part of the attic can then without ililliculty be trans- 
formed into a drying closet. But the location adjoining the kitchen 
undoubtedly simplifies the question as to the water supply for the 
washing tubs, as to the chimney Hue required for the wash boiler 
and as to the ventilation of the apartment; it also does away with 
the possibility of damages to ceilings caused by llu- tubs overflowing. 

Washing Operations.— The washing operations consist in the 
preliminary washing of the soaked linen, in the boiling with lye or 
soda, in the washing proper, the rinsing, bluing ifor cotton and 
linen only) and the wringing of the clothes. 

To be conveniently performed, washing retpiires a set of usually 
three, but sometimes four, stationary washtubs, ea<'h su[tplied 
with hot and cold water, also a copper wasli boiler and a small 
laundry sink. On dry and sunny days the washing is <lried and 
bleached out of doors, in the case of country houses on a i>lot of 
grass land or a well-kept lawn situated at the rear of the hou.se. 
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sheltered from view, yet well exposed to the wind currents. But 
to avoid the frequent delays in the laundry caused in the rainy 
season or in winter time, a drying-room is usually provided in 
city houses and arranged in the basement, or else in the cellar, 
in which case it may be connected with the laundry by a dumb 
waiter. This may also be continued to the upper floors and used 
to send the finished linen upstairs. Such a drying-closet is particu- 
larly convenient in those city houses which have only a small back 
yard. 

The drying-closet is provided with a number of upright frames 
or ‘Tiorses” for hanging up the wet linen, the horses being sus- 
pended from and sliding on rollers, so as to be easily pulled out 
or pushed into the drying-closet. The closet has either coils of 
steam pipe, supplied with steam from the house boiler, or else it is 
heated with hot air or gas, and due provision is made for a strong 
circulation of air by vent flues for removing the moisture due to 
evaporation. In a special form of laundry drier the heat from the 
laundry stove is utilized for drying the clothes. 

The finishing operations, viz., the starching, ironing and mangling, 
if performed in the laundry, require one or two ironing tables placed 
in front of a window and sometimes a small hand mangle. 

In a laundry much heat and moisture are constantly and unavoid- 
ably present; the laundress cannot help spilling from the tubs more or 
less water; annoying and even noxious vapors of steam are generated 
at the boiler as well as at the tubs, all charged with soapy slime and 
more or less organic filth; moreover, an often unbearable heat and 
bad odors are present when ironing is being done; hence the ventila- 
tion of the apartment and the construction of its floors, walls and 
ceilings require the most careful attention. 

Woodwork must be avoided as much as possible, and preference 
should be given to non-absorbent substances, — enameled bricks, 
glazed tiles, or plain, smooth cement. The floor of a laundry, at 
least where the tubs stand, should be made perfectly waterproof. 
In large laundry establishments it appears desirable to have a direct 
removal from the floor of all superfluous water through trapped 
pipes and floor drains connecting with the house sewer, but such a 
complication is unnecessary in private residences, where it is easy to 
take up with a mop or a sponge what little amount of water is spilled, 
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and to remove it in a pail. An asphalted, cemenlcd, marble or flag- 
stone floor is suitable for large washing-houses, l)ut for a small house 
laundry nothing can surpass in cleanliness and l)eauly a floor laid 
wholly in white unglazed or vitrified tiles. A good floor consisting of 
rubber interlocked tiles is used to some extent in modern dwellings. 
The walls can be made damp-proof by being laid with enameled 
bricks, or else glazed tiles may be used to the height of the wainset»t- 
ing, the remaining upper part of the wall being smoothly rendered 
in cement or oil-painted. It is desirable that the ceiling, too, be 
rendered as impervious as possible, for much of the noxious steam 
vapor will rise and cling to it, notwithstanding the best ventilation. 

Among the fixtures of a laundry we often find a boiler of tinned 
copper which is used for boiling clothes. It is set l)y the- mason in 
brickwork, and is supplied by the plumber with cold water and with 
emptying bib. It has a grate for the lire below, and is also pro- 
vided with a suitable space for heating flat irons. An essential 
arrangement is a ventilating pipe carried from the kettle to a heated 
flue to remove, when the clothes are boiled, the Imlk of annoying 
steam vapors. 

The Laundry Tubs. — The most imjjortant luxturc to be provided 
in a laundry is a set of stationary washtubs. Wooden laundry tubs 
are out of the question on account of their perish;d)le character, their 
liability to rot, and because of sanitary objections. Iron tubs are 
usually considered objectionable owing to the [mssibility of impart- 
ing rust stains to linen, though this latter objectiitn docs not apply to 
the best grades of enameled iron tubs. The choice therefore rests 
between tubs of cement, soapstone, slate, porcelain lined iron, and 
earthenware. 

The solid porcelain tubs surpass all others in durability, fitness 
and neatness. Each porcelain tub is molded ;ind glazed in one 
piece, is perfectly non-absorbent, easily washed witli a sponge, and 
conspicuous for its brightness and purity. 'I'he tubs are usually set 
in front of or near a large window, so as to luive the best light tivail- 
able for the washing operation. All tubs should be fitted up in an 
open manner; the usual baseboard, hiding the jilumbing work under 
the tubs, should be omitted, likewise the wooden covers. However 
useful covers may be for tubs located in small apart memt-house 
kitchens, to make the top useful as a table, it is decidedly prefer- 
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able in a laundry to let the air have free access to the inside of the 
tubs. The tubs are set in a framework supported by galvanized, 
bronzed iron or porcelain legs of graceful shape. 

The top of the tubs is sometimes fitted up with a hardwood rim, to 
which the wash-wringer can be clamped, but the best sanitary tubs 



have molded and glazed roll-rim edges, and the wringer can be 
attached to a detachable wringer board. (See Fig. 46.) Each tub 
has hot and cold water, the former drawn either from the kitchen 
boiler or from a special laundry boiler, and both supplied by 
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Fig. 47. Plan of Set of Washtubs. 


faucets placed over the top of the tubs. This arrangement of the 
faucets gives more room in the tubs for the clothes to be washed. In 
place of the chain and plug a standpipe overflow may be used, as 
shown in plan and in section in Figs. 47 and 48, thus avoiding not 
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only the danger of an accidental overflow, but also, what is more 
important, the common nuisance of soapy slime and particles 



Fig. 48. Section of Washtub with 
Standpipe Overflow. 


of iilth from soiled linen adher- 
ing to the countless links of the 
chain. 

The Laundry Sink. — Nowhere 
in the laundry should any plain 
iron be used, for tin's causes rust 
stains in the washing. 'Phere- 
fore if a laundry sink is re<|uired, 
it should be of cither porcelain- 
lined iron or of wliite glazed 
earthenware to malcli the whole 
appointment of the room. It 
should be set on brackets 
strongly fastened to the wall, or 
on leg.s, the space under the sink 
being left entirely oiien and the 
entire arrangement lieing similar 
to that of the kitchen sink. The 
gink .should have hot and cold 
water faucets and a large outlet 


with a suitable strainer, and in place of the chain, plug and hidden 


overflow pipe a nickel-plated standing overflow. 

The Servants’ Water-closet— Adjoining the laundry or elsi; near 
the kitchen, a water-closet, or a toilet or bath-room for the use of 
the servants, should be arranged. 

There are decided objections against placing the .serv:mts’ water- 
closet in the cellar. Sometimes a servants’ bath room is arranged 
on the top floor, near the servants’ bedchambers, hut in such case 
an additional water-closet is required not too far from the kitchen 


and laundry. Ample light and free access of air should be given 
to the closet by means of a good-sized outer window, and all possible 
precautions should be taken to avoid uncleanliness. 


Concerning the general arrangement of the servants’ water-closet, 
it should be remembered that this apartment is least likely to be 
periodically inspected by the head of the household, an(i hence 
slovenliness and dirt accumulation are much more apt to e.xist 
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here than anywhere else in the house. Every possible aid should 
be given to induce clean habits of the domestics. In the majority 
of houses any corner, no matter how dark, ill ventilated or out-of- 



FlG. 49. Servants’ Toilet Room with Water-closet and Washbasin. 

the-way it may be, is considered a good enough place for the serv- 
ants’ water-closet, and the usual practice is to select and place in 
it the cheapest and generally the worst kind of apparatus. It is 
hardly possible to make a greater mistake, for here, if anywhere. 
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perfection of the fixture and the greatest simi)licily of arrangement 
are required. 

The usual tight closet enclosure .should be aljolished, and the 
riser as well as the useless cover of the seat should be done' away 
with. Complicated mechanical api)aratus with pulls and cups, 
wires and cranks, levers and rods, valves and chains, all liable to 
frequent derangement, especially if used by can'less senaints 
should not be tolerated. The scat should be arranged in the 
plainest way and entirely in an open manner. Oftt'n the elo.set is 
fitted up with only a narrow round seat, re.sling on the bowl which 
is constructed of sufficient strength to sustain the weight of tlie pi-r- 
son. The seat is fastened either to the porcelain bowl or to a 
wooden cleat, and is hinged in .such a way that it may be lifted and 
turned against the back wall, completely exposing the earthenware 
closet. Thus arranged, the closet may serve as a convenient urinal 
as well as slop-hopper. 

The closet may stand on a floor of white tiles, and the walls may 
be similarly finished and rendered damp-imoof. If thus arranged, 
the whole space is easily kept clean and neat. I'he remotest corner 
is readily accessible to the broom and the du.st cloth, and the floors 
and walls may receive a daily washing with a sponge, soaji and 
hot water. A neatly arranged servants’ toilet room, containing a 
water-closet and a convenient though small lavatory, is shown in 
Fig. 49. 

The Servants’ Bath. — Cleanliness of the body is essential to the 
health of all individuals. Hence it follows that a servants’ bath tub 
should be looked upon not as a luxury but as a necessity in even 
the humblest home. In fact, no house should be built without 
one, and fortunately, in its simplest arrangement, it does not cost 
much to provide for it. Its utility is much increased by arranging 
it so that it may be readily supplied with hot water, aiul by placing 
It in a moderately heated apartment, so that it may be used at all 
seasons of the year. A good housewife will always consider the 
needs of her servants in this respect and provide, at least where 
economy in building construction is no hindrance, a simple bath 
tub for their use, so as not to afford them any e.xcu.se for slovenliness, 
uncleanness or untidiness in personal appearance;. 

To simplify the arrangement of the plumbing work, the .si;rvants’ 
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bath may be located in the attic, directly above the principal family 
bath room or else it may be placed near the kitchen or even in the 
laundry. An iron bath tub, smoothly enameled on the inside, or 
else a steel-clad copper tub, resting on four short legs, thus leav- 
ing the floor space under the tub entirely free and accessible, is 
a serviceable appliance. The tub must be supplied with hot and 
cold water, delivered into the tub at its top through a mixing 
nozzle. 

In place of the usual plug and chain, a nickel-plated standpipe, 
a, may be inserted into the outlet of the tub (see Fig. 50)- 



water reaches the level of the top of the standpipe, any additional 
flow is taken care of by the standing overflow, which carries the sur- 
plus safely into the waste Jiipe. To discharge the contents of the 
bath, the standpipe is removed and laid on strong hooks fastened 
to the wall, and the bath tub is then rapidly emptied, the whole 
volume of water flowing with great force through the outlet and 
thoroughly scouring the trap, the waste pipe and the main soil pipe. 
The usual hidden overflow is avoided and with it a common cause 
of noxious smells in bath rooms. There is but one objection to such 
an arrangement, and that is that the standpipe is somewhat in 
the way of the feet while bathing. A better arrangement, which 
entirely overcomes this slight drawback, is the bath tub with stand- 
pipe placed in a recess but so as to be perfectly accessible for clean- 
ing. This may be combined with a convenient lifting arrangement 
for the standpipe, of which several modifications may be found in 
the showrooms of manufacturers of plumbing supplies. 
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The Housemaid’s Sink. — The housemaid’s sink i.s in design 
material and detail arrangement similar to, though smaller than' 
the earthenware sink used for. the kitchen or the laundry. This sink 
is not intended for pouring out slops, but merely to draw hot or cold 
water for the rooms on the upper lloors; it should, of course, have 
a separate and properly trapped waste pi])e. 

A few other domestic appliances belonging to the stwvants’ rpiar- 
ters are the slop-hopper, the garbage ])ail and the dust bin. ( )f these 
the slop-hopper will be considered later on under the discussion of 
sanitary water-closets, while the other ai)})Iianees belong more ]irop- 
erly to the general topic of household cleanliness, into which this 
book is not intended to go. 

The Sanitary Construction and Arranc.kment op 
Bath Rooms. 

The principal bath rooms should be located clo.se to the familvand 
guests’ bedrooms, either with a door establishing a direct communi- 
cation between them or connected with them by a short httll. The 
bathrooms should receive light from tin outside window or from a 
large ventilating skylight. They should be lietUe.l from the central 
heating apparatus in the cellar, and in addition to tliis they may have 
an open fireplace or a gas fireplace healer, which forms a ideasing 
and distinctive feature. 

Bath rooms of American houses contain usutilly three li.xiures, a 
bath tub, a wash basin, and a water-closet. Somet imes ot her fi.\t ures 
are" added, such as a bidet, a shz bath, or a shower and needk> bath. 
Frequently I have pointed out the desirabilitv of placing the water 
closet in a separate compartment, particularly in houses "having only 
one bath room, but also for apartment houses. I shall not (bscu.s's 
in this place the relative advantages of bath rooms located in the 
center of the house, with overhead skylight and vent shaft, ami of 
those bath rooms which have an out.side window.* 

In Figs. 51, 52, 53, and 54 are shown interior views of modern 
bath rooms which were fitted up in high-class residences under the 
direction of the writer. 

and*B?h Ho2? Engineering of Buildings; a, s.. Gnrinud, Mndvn. Batins 
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Fig. 53. View of Bath Room Containinir Bath and Watrr ( 
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Regarding the arrangement of bath or toilet rooms in general, the 
floors and the walls should be made as much as possible damp- 
proof. No more elegant finish could be devised for the floor of a 
bath room than vitrified white tiles, which are conspicuous for their 
bright appearance, superior cleanliness and purity. Some people 
object to a tiled floor, claiming that it causes a feeling of chilliness to 
the feet of the person emerging from the bath, but this may easily be 
obviated by having rugs or cork bath mats placed on the floor of the 
room. A fire in an open fireplace also helps to prevent the sensa- 
tion of chilliness. Hardwood floors, tightly jointed and well soaked 
with hot linseed oil, are unobjectionable. Sometimes a combination 
of .a hard'wood floor in front of, and tiling or marble under, the fix- 
tures may be used with success. Terrazzo floors are occasionally 
used, or plain asphalt or cement floors, but the latter are not quite 
so inviting in appearance. 

The walls should preferably be rendered waterproof and pro- 
tected against splashing by either marble or glazed tiling carried up to 
the height of the ordinary wainscoting. Cheaper means of protection 
are a smoothly polished cement or rock-plaster finish, which may be 
enamel-painted, or else the leather or sanitary washable wall papers. 

Having a damp-proof floor and an open arrangement of the plumb- 
ing fixtures, which will readily disclose the slightest leak, it is not 
necessary, unless the ceiling underneath should be expensively dec- 
orated, painted or frescoed, to use the usual unsightly lead safes, 
or the safe waste or drip pipes required with these. They only 
complicate the arrangement of the plumbing work, without being 
of any real practical value. 

In large city houses more than one bath room is provided, the sec- 
ond one being generally located near the nursery, or near the guest 
room; this should also have a door leading to it from the hall, to 
make it accessible from other parts of the house. Some modern 
mansions have a bath room for each bedchamber, and the total num- 
ber sometimes runs up to from eight to twelve. 

It is not necessary to consider the general planning and arrange- 
ment of bath rooms in detail, for this subject has been exhaustively 
discussed in the author’s book “ Sanitary Engineering of Buildings,” 
which also contains illustrations of bath rooms, to which the readers 
are referred. 
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It is desirable, however, to consider the i)rincii>al tyi-ies of fixtures 
for modern bath rooms, and to discuss in detail the bath tub, the 
lavatory and the water-closet. 

The Bath Tub. — As regards the material suitable for bath tubs, tlie 
choice is practically confined^ to three kinds, viz., tubs of enameled 
cast iron, tubs of tinned and planished coiipcr, and those molded in 
one piece of solid earthenware. Bath tubs are made of different 
lengths and of slightly different shaire and form. 

Occasionally, bath rooms are fitted up witli a bathing pool of 
larger size, made of blocks of marble, or of iron and lined with 
marble slabs, or with tiles laid in hydraulic cenumt. Sucli a basin 
or pool is usually sunk in the floor and made accessible by marble 
or stone steps leading down to it. The arrangement is convenient 
and luxurious, but it also proves to be rather expensive, as it requires 
a special construction of the floor.* 

Among the cheapest bath tubs are those of wood, which become 
offensive as soon as the wood begins to rot, when letdeage is also 
inevitable. Such wooden tubs are used nowadays only for some 
forms of medical baths. Zinc-lined tubs are not costly but do not 
last long. Tin-lined tubs are better and also less objectionable in 
appearance. 

The enameled iron and the solid porcelain bath tubs are in every 
respect the cleanest, brightest and most attractive looking; they 
are highly glazed on the inside surface, and rendered thereby 
entirely non-absorbent, so that for a sanitary fixture nothing better 
or more desirable could be found. The all porcelain tubs are 
quite expensive, and next in order as regards the price come the 
enameled iron tubs. 

Cheaper than either of these are the tinned and planished co|)per 
bath tubs of from i8 to 24 ounces’ weight of the metal. The lighter 
and less expensive copper tubs, of from 10 to 14 ounces’ weight, are 
easily dented and knocked out of shape, and should not be used 
where durability is expected. What is commonly, in .\merica, 
called a copper tub is really a wooden bath tub blocked out to the 
desired shape and lined on the inside with co])|)er. In Mngland 
and on the Continent bath tubs are often made entirely of .strong 
copper metal, and stand on the floor without any wooc’l enclosure. 

* See Gerhard, Modern Baths and Batli Hou.sc.s. 
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These more expensive copper tubs offer some advantages in so far 
as they can be fitted up without woodwork, being set on strong 
metal legs and made to stand entirely free on the floor of the bath- 
room. Quite recently the manufacture of such all-copper tubs was 
begun in this country, but owing to the limited demand for them 
it soon stopped, chiefly owing probably to the recent success of the 
American potteries in the manufacture of all-porcelain tubs and 
the equally successful manufacturing industry of porcelain-lined 
iron tubs. 

Another kind of tub which was not expensive was the steel-clad 
tub, which combined some of the features of the cast-iron and of 
the copper-lined tubs, being a shell of iron or steel with an inside 
lining of copper. It was set on legs, and provided with a hardwood 
rim at the top of the tub; but it was soon displaced by the handsomer 
and more durable porcelain-enameled iron tub. 

The waste arrangements of the bath tub require some considera- 
tion. The usual and cheapest method is to have an. outlet with 
strainer at the foot end of the tub, which outlet is closed by a brass 
or rubber plug fastened to a plated safety chain. To provide for 
the safe removal of water in case the supply faucets are accident- 
ally left open, an overflow pipe is arranged, at the foot end of 
and behind the tub, opening into the tub near its top, where the 
overflow is generally protected against obstruction by a strainer. 

The objections to this ordinary method of fitting up bath tubs 
are: first, the outlet is too small and considerably obstructed by 
the strainer, and does not allow the waste pipe to run full bore 
when the bath is discharged, hence the trap and waste pipe are 
but imperfectly flushed; second, the overflow pipe seldom receives 
a flow of water and is not flushed, consequently slime and soapsuds 
remain attached to its sides, and are difficult to remove, as the over- 
flow pipe is usually inaccessible and hidden from view; lastly, 
the plug-and-chain device is quite unsatisfactory and inconvenient, 
for the plug is frequently torn away from the chain, and much dirt 
and slime accumulate in the many links of the chain, which are 
difficult to clean and practically always remain befouled. 

To obviate the latter defect, a dozen or more waste arrange- 
ments have been devised, which did away with the plug and chain, 
substituting for it a valve or waste cock. All of them, however, 
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retained the objectionable feature of the cuneealed overflow pipe 
or channel. 

A very simple device has been in use for many years, espoeially 
in Boston and the Eastern States, which removes all of the above 
objections. This is the standpipe overflow, or slaiulinif waste 
already mentioned when speaking of servants’ bath tubs, and 
which consists of a brass tube of proper length, whii-h is inserted 
into the waste outlet of the tub whenever it is desinal to fill the 
latter, and which is removed if the Ittb is to be emptieil (.see Fig. qo). 
It may be hung up on neat hooks over the top of the tub. 'Phe 
removal and handling of the standpipe every time the b:ith is used 
besides being trouble.some, is the frequent occasion of marring or 
denting the copper by accidentally dropping the heavy brass tube 
into the tub. Moreover, a sligltt inconvenience is sometimes 
complained of, especially in the case of short or French tubs, namely, 
that the standpipe is in the way of the feet of the [H-rson using the 
bath tub. Years ago I suggested the easy remedy of placitig the 
standpipe in a proper recess at the foot of the tub. 'J’lie sug- 
gestion was taken up by manufacturers, and Itolh copper and 
porcelain bathtubs are now to be had in the ttiarket fitted with 
a standpipe placed entirely out of the way in u recess. 'I'he 
standpipe may be raised or lowered to empty or fill the tub by 
means of several very ingenious, simple :ind easy- working mechanical 
movements. 


The standpipe and strainer are combined, so llitii the whole 
can be lifted up, taken out and easily cleaned bv the housemaid. 
It is not always necessary to do this, however, for the space be- 
tween the recess and the standpipe is ample to allow of cleaning 
the sides of the tub by means of a (doth, d’his forms in mtuiy re- 
spects the best sanitary bath tub device of which I httve knowledge, 
and answers the chief requirements of a perfect pliiml.ing fixture.' ' 
The outlet of the bath tub should be made verv larj'e to effect 
a quick discharge, for a thorough scouring of the tnip and waste pipe 
is thereby secured and the tub is practically acting as a Hush tank.* 


ment V "»• t!vv urnuiRc- 

Salary Engineer, Vol. 4, Dt,.,-. i, ,K.Sn, Uu- f„ll<.vvinK: 

to dwell with the lining; up <.f laths that I wish 

po . he first is the almost universal prattke here ia the United States of 
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Fig. 55. View of Bath Tub with Shower. 


Fig. 55 gives an illustration of a porcelain-lined iron bath tub 
equipped with an overhead shower arrangement. To prevent the 
splashing over of the water, a curtain holder with a plain cottoh. 

employing too small waste plugs or outlets, one and one-fourth inch and one and one- 
half inch being the sizes most frequently used. It must be borne in mind that even 
these dimensions do not indicate the real internal capacity of the outlet, because the 
thickness of the metal and the gratings must be deducted from this size. In addition 
to the annoyance a bather is subjected to by having to wait for a bath to be emptie:d 
through such a small outlet, the waste pipe is deprived of the sanitary advantage of 
being decently flushed when a bath is emptied, and that it is an advantage can be readily 
appreciated when we realize the scouring effect produced by the rapid discharge of say 
fifty gallons of water. 
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duck or silk-lined rubber curtain is provided. This forms a 
thoroughly sanitary and conveniently arranged bathing appliance 
for those who prefer taking a bath in a tul). 

Others much jircfer to have 


Fig. 56. View of Needle Bath 

ous prices. 

The Bidet, Sitz and Foot Bath.— Another 
which is often fitted up in 'modern bath 


m place of a bath tub with 
overhead shower a regular 
.stall of marble i'ltled up with an 
overhead, generally inclined, 
douche or spr;iy (llu> so-called 
rain bath). It should be men- 
tioned that tlu' same arrange- 
ment of an inclined douche 
can also be luted up over the 
ordinary tub. 'I'his arrange- 
ment and the rain bath are 
illustrated in the writer’s book 
on Baths, already named. 

Some bath rooms are fitted 
uj) with a complete shower and 
needle bath, such as shown in 
Figs. 5b and 57. I'his fixture 
is made entirely of nickel- 
I)lated brass tid)ing,and.stands 
in a p(trcelain or enameled 
iron receptor, generally three 
or three and one-half feet 
square, or made circular, and 
provided with strainer over 
the outlet and a waste pipe of 
large size to the soil jiipe. 
Such shower and needle 
baths are made in a great 
variety of forms and at vtiri- 


plumbing fi.xture 
rooms, and which is 


both useful and convenient, is the bidet. 'I’his is generally made 


in aU earthenware, in pedestal form, and provided with Hushing 
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rim and with waste and hot and cold water sui)ply fittings. 
(See Fig. 58.) 



Fig. 58, View of 


In place of a bidet, the bath room sometimes contsiins a sitz bath 
or else a foot tub, in addition to the regular bath tub. 'I'he manner 
of fitting up these fixtures does not differ materially from that recom- 
mended and described for bath tubs, hence separate illustrations 
of these fixtures are considered superlluous, and the reader is re- 
ferred to some of the well-illustrated modern caltilogues of manu- 
facturers of sanitary specialties. 

Bath-room Auxiliaries.— Figs. 59 and 60 show some modern 
bath-room auxiliaries which are fitted near the btilh tub or over the 
lavatory— a plate-glass or porcelain shelf, with sponge ami tumbler 
holders, a medicine closet and other appurteminces. 

The Lavatory. — An important fixture of every bath room is the 
wash basin, washstand or lavatory, consisting of slab, bowl, sup- 
ports, faucets, supply pipes and waste arrangements. Concerning 
the material for the bowl proper, there is not a great deal of choice. 
Washbasins are sometimes made of galvanized iron, or of tin or 
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but tbe use of such cheaper fixtures is confined to the 
five plumbing in factories, restaurants, theater dressing 


Fig. 59. A Group of Bath Room Auxiliaries. 


rooms, etc. For private houses wash bowls of vitrifi ed porcelain ware 
or of china, and those of solid stoneware, are much to be preferred. 


Fig. 60. View of Bath Room Auxiliaries. 


Earthen wash bowls used to be made circular in shape, in diam- 
eters ranging from 10 to 20 inches, but now they are more often of 
an oval shape, for this seems to offer some advantages in actual use 
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over the circular form. Basins may also be had whicli are made 
square in shape. 

The earthenware is plain while, marhlei/.ed. or i\'ory tinU'd, and 
sometimes it is ornamented wilh fancy decorations. 'Phis of 
course, is merely a matter of taste, hu! my experience is that nianv 
people select such expensively decorated and fancy looking [ilunihin;' 
fixtures who are not willing to pay for tlie extra cost of a superior 
drain or soil pipe, or of a good trap or other plumliing titiiuir. 
this respect the majority of the pidtlic li:i\-e yet much to letirn, and 
still more to unlearn. I should liave no ohji-ction to t he usi- of fancy 
articles in a house, provided 1 was not there!)v curttiiled from oiIut'- 
wise employing throughout the best sanitary :ippliatices available. 
In my own judgment, plain white or ivory tinted earthenware looks 
fully as neat, cleanly and chaste as any amount of colored or gilt 
decoration put on it, and it is certainly -an imlication of a more 
refined taste. 

Earthen or porcelain wash basins are usually fastened with brass 
bolts and clamps to the underside of the marble slabs, the joint 
between both being made tight by means (»f ] duster of Paris or 
Keene s cement. The slab may be of a .scpiartu reetanguliir, tjuarter- 
circle, or of a more irregular shape, and it is tisually tiite.I with a 
marble back, more or less high, and I'ither plain or with marble 
shelves supported by brackets. If placed in a recess or corner, 
the sides are fitted with one or two marble end i-ieces, to protect 
the wall from splashing. 

To the minds of most people the onlinary wash bowl, with outlet 
in the center, with strainer at the bottcmi, with overilow holes and a 
concealed overflow pipe at the side, and with a plug and cluun, has 
no objectionable features whatever, and hence it has Ix'en and is 
still to a great extent in mse. Yet. from a sanitary point of view, 
the ordinary wash bowl, as shown in Fig. Pi, deserves to be severely 
condemned. In this connection I quote from .Mr. |. Pickering 
Putnam’s articles on “Sanitary Plumbing.” published' some years 
ago m the American Architect : 


“The character of our lavatorie.s is a niaticr of v.-rv mticli .'realc 
importance than is usually supposed. We have hceti h, ihe ha'hil <. 
selecung our wash basins and bath tubs purely iro.n a .Um.lpoint e 
convenience, appearance and economy. .Sanitary cm.si.lerutiuns hav 
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been quite overlooked in the belief that they have little or nothing to 
do with the form of these particular fixtures, so long as their traps and 
waste pipes were properly made. This is a very serious error, and 
particularly so in relation to wash basins, in the choice of which sanitary 
considerations should outweigh all others.” 

By far the most serious defect of our ordinary wash bowls is the 
insufficient size of the outlet in proportion to the size of the trap 
and waste pipe. The amount of waterway of an ordinary basin 



Fig. 6i. Basin with Chain and Plug. 


strainer, according to Mr. Putnam, is only equivalent to a three- 
fourths-inch pipe, and after some use this opening is apt to be still 
further obstructed by accumulations of filth, hair or lint. The 
usual size of waste pipe for basins is one and one-half inches inside 
diameter, which is ample to carry off all water, if both faucets are 
kept running a full stream into the bowl; but many architects still 
call for two-inch pipes and traps. The result of a restricted outlet 
is a trickling flow of water from the basin, which is wholly unable 
to accomplish any scouring or flushing of the large trap and waste 
channel. 

A further objectionable feature of the ordinary plug-and-chain 
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outlet basin is the concealed overflow pipe of lead attached by an 
imperfect putty joint to the earthen i)rojecting liorn of die bowl. 
This overflow pipe is never flushed with water and its walls become 
coated with soapy slime, which decomposes. Sinc'c the overflow is 
in open communication with the room, the atmosphiua' of the latter 
is often contaminated to a noticeable degree. Tlu‘ basin with all- 
earthen overflow (so-called patent overflow basin) is better in this 
respect, yet it retains some of the objectionable features enumerated. 
The plug-and-chain arrangement of basins is nha opcai to serious 
objections, both on the ground of convenience in use and of sanita- 
tion. To quote again from Mr. J. Pickering Ihitnam’s articles: 

‘^The chain, lying in every succe.ssive formation of dirty water, collects 
gradually in the recesses of its links an unknown cjuantity and variety 
of filth, which cannot be entirely removed, tm ticcturnt of its irregular 
form, without the use of si)ecial acids or cmistant scruhhing with the 
brush — a process never applied to it. M'lie leitgtli of wire used in an 
ordinary basin chain averages six feet, and has a surfaee of about four- 
teen square inches, a surface which, in the |H‘cidiar adaptaliility of the 
form of the links for retaining dirt, presents a very formidable area of 
pollution. To those person.^ who u.se tlu‘ir reasoning |«>wers in these 
matters, the idea of washing the face in water defiled by a eiiuin, trans- 
ferred immediately from the dirty water of .some unknowii prt'decessor, 
is with good reason exceedingly repulsive. Tlu* chain, mtn’eover, fre- 
quently breaks, and then the hand must be plunged inttj dirty water to 
remove the plug. The po.sition of the chain and plug at the hotti)m 
of the bowl is, moreover, peculiarly inconvenient, iitasmueh as they are 
in the way of the hands, which should meet a smotuh, unbruken surface 
of earthenware, rather than the hard and irregular outline cif the hras.s» 
work.” 

To avoid the annoyances incidental to the plug ami chain arrange- 
ment, basins have been constructed witli various more or less com- 
plicated forms of outlets, such as waste-cock or valve outlets, with 
plunger, floating plug or secret standpipe outlets (Fig. but in all 
of these forms the overflow remains concealed and imiccessihle, and a 
channel of more or less length remains in ecuninunic'ation witli the 
bowl, thus causing a soiling of the pure water as soon as it is delivered 
into the basin. Moreover, some of these rm)vable mechanisms are 
quite apt to get out of order or to leak. 

A form of basin which is quite poi)ular in Kuroiie, :ind which has 
occasionally befen used in the United Slates, has the advantage of 
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doing away with the objectionable overflow and also with the chain- 
and-plug arrangement. I refer to the tip-up basin as sliown in sec- 
tion, in Fig. 63. It consists of an outer receiver or l)asin, usually in 
the shape of a hopper, and an inner bowl, pivotc^d so that it may be 
turned over by lifting it at its front edge. V>y means cfl' this {Imace 
a very quick discharge is obtained, and for this and otlua* naisons 
it must be pronounced far superior to the ordinary form of bowl 
It has, however, one defect. The lower hasiti or naauh'ta*, as usually 
constructed, is onfy partially accessil)le, and not being exposcnl to 
view is generally forgotten and seldom cleaned by siu-vants. It is, 
therefore, liable to accumulate hidden foulness. A rcHaurt inodilica- 
tion of the tip-up basin allows the inner bowl to be lifted from its 
pivots, and when the bowl is removed, the receiving basin is fully 
exposed to view and readily cleansed. 



Fig. 64 shows a vertical section of an improved form of t*hain~and- 
plug wash basin. This is a siphon basin, so named I>ecause the over- 
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flow pipe is shaped in the form of a siphon. It will be seen from 
the illustration that in this type the overflow channel does not enter 
the bowl near its top, but at the bottom. This requires a special 
construction for the socket coupling of the basin. Such a form of 
bowl has two great advantages, namely: first, the overflow channel 
becomes trapped whenever the bowl is partly or entirely filled with 
water; second, whenever the plug is lifted to discharge the bowl a 
part of the contents will’ pass out by siphonic action through the 
overflow channel and thus flush the same, a feature of no other form 
of basin with overflow, with which I am acquainted. 

Thus, every time the basin is used, the overflow becomes flushed 
and cleaned, and again, where such a basin is fitted up in a bedroom 
of a hotel, for instance, one is enabled to guard against entrance of 
sewer air by simply filling up the basin and keeping it full overnight. 
Owing to the assistance rendered by the siphon action of the over- 
flow, the discharge of this form of basin is very much quicker than 
that of ordinary chain-and-plug basins, and this helps to keep the 
trap clean and free from obstructions. I have had a basin of this 
construction under personal observation for about twelve years, and 
during this period it has not once become stopped up, has never 
emitted an objectionable smell from the overflow, and empties to-day 
as rapidly as the day when it was put in. 

Another method of constructing a basin without overflow is shown 
in Fig. 65. It represents an oval basin provided at. the bottom with a 


quick-turning gate valve with 
full waterway. When this is 

closed the basin can be filled; j j 

a quick turn of the valve dis- 

charges the contents of the 

basin. No chain and plug and 

no overflow are provided. It 

would, however, hardly be safe ~ Q 

to use such a form of wash U 

basin in a private house or in ^ 

a hotel. It can only be used Basin with Shutofi Waste Valve. 

to advantage in places where 

an accidental overflow does no harm, and it is particularly adapted 


to places and lavatories where a constant oversight is exercised 
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over the fittings, such as, for instance, in lavatories and toilet 
rooms of hospitals for insane, in which the j)alients’ ablutions are 
always overlooked by attendants. 

One of the best forms of basins of which 1 have knowledge is the 
standpipe outlet type of basin, the first form in which this was made 
being the well-known 
“Sanitas” wash basin, 
shown in plan and sec- 
tion in Figs. 66 and 67. 

This type of fixture is 
vastly superior, in my 
judgment, to all those 
complicated and insani- 
tary devices which con- 
sist of secret waste 
valves. It has many 
superior features of sim- 
plicity, convenience and 
sanitary construction, I •‘'landpipe Basiti. 

will therefore briefly describe it. 

The basin is made in earthen or vitreous ware, both in the usual 
round and in the oval form. Every part of the basin and of its fit- 
tings anti pas.sages is 
visible anti ke|)t easily 
accessible. It is entirely 
free from concealed 
chambers or easily be- 
fouled corners, and the 
basin is ke[)t clean from* 
top to bottom, even as 
far tlown as the waste 
pipe and trap, without 
removing the basin or 
any part of it. It is of 
Fio. 67. Section of Standpipe Basin. tke Utmost .simplicity, of 




, r , . grtuii convenience m use, 

^d of pleasing appearance. It differs from tiie usual basin in lutving 
I S outlet at the rear, thus presenting a bottom of the bowl entirely un- 
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encumbered or roughened by any brass grating or socket and plug. 
The diameter of the brass outlet at the bottom of the basin is two 
inches, and, allowing for the obstruction caused by the strainer, it 
has a clear waterway of about one and one-half inches, equal to the 
size of the waste pipe attached to it, and hence a very rapid flushing 
discharge is secured. In fact, the rush of water from this basin 
through the waste pipe and trap is so great that the seal of even a 
ventilated S-trap may be destroyed by it. In order to restore the 
seal, the bottom of the basin has only a slight inclination toward the 
outlet, so that the last flow of water from it is suflflciently retarded 
to restore the seal of the trap. 

It is thus seen how the great desideratum that the fixture should 
act as a flush tank for its waste pipe and trap is here accomplished. 
The basin is shaped with a perpendicular recess at the back, and in 
this recess, completely out of the way of the user, is placed the stand- 
pipe overflow — sometimes a nickel-plated tube one and one-quar- 
ter inches inside diameter and about four inches high, or else a 
porcelain tube — which serves to close the outlet of the basin if it is 
desired to fill the latter. This overflow pipe has a smooth surface, 
and enough space is provided between the standpipe and the walls 
of the recess to allow the convenient use of a scrubbing cloth, so 
that both the basin and the standpipe may be cleansed without the 
necessity of removing the latter. But the removal of the standpipe, 
should this be desired, is easily accomplished. 

The standpipe outlet basin is superior to ordinary forms with over- 
flow pipe in other minor respects, one of them being that it requires 
fewer joints for the plumber to make, and that it does not offer any 
temptation to unskillful and ignorant mechanics to connect the over- 
flow pipe, as required in the ordinary form of bowl, to the wrong side 
of the trap attached to the waste pipe. In short, the standpipe type 
of wash basin offers the following advantages: It is a quick-emptying, 
self-cleansing, back-outlet basin, with concealed overflow. Through 
it waste water is completely and rapidly removed, a quick discharge, 
as from a small flush tank is effected, filling the pipes full bore, and 
the trap and waste pipe are thoroughly scoured. It provides for an 
overflow without requiring a special pipe or valve for this purpose; 
it has no brasswork in the bottom of the bowl in the way of the 
hands when washing, and no chain and plug. The wasteful habit 
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of washing in running water is renclcred utineci'ssary, ainl hence it 
tends towards the prevention of water waste in dwellings, which is a 
matter of much importance. The whole of the lixture and all its 
parts and appendages are visible and readily aeeessihh*; ius outlet is 


Fig. 68. Section of Basin with Lift up IMuk .trmujtfnicttl, 





Fig, 69. Plan of Basin Shown in Si*rtion in Fig, CiH. 

controlled by a very simple single movement, which mechani.sm 
requires only very little strength to oiierate. 1 1 is ea.silv tit t ached to 
the slab, readily fitted up by the plumber, ami has no concealed parts 
liable to clog or become obstructed. In sliort, it is a verv durable, 
simple and well-constructed sanitary iilumbing fixture. 


lA 
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A basin with a waste fitting arranged on a novel principle is shown 
in vertical section in Fig. 68 and in plan (half of the bowl only being 
shown) in Fig. 69. Briefly described, this basin has in place of the 
ordinary chain-and-plug arrangement a flat metal disc or stopper, 



Fig.‘ 70. Section of Different Form of Basin with Lift-up Plug. 


which fits into the bottom outlet of the basin. This stopper is 
raised or lowered by means of an eccentric rod and cam movement. 
The eccentric rod is worked by means of a vertical spindle provided 
above the slab with a four-arm handle which is turned to the right or 
left to open or close the outlet. This form of basin retains the ordi- 
nary form of overflow, but it has the great advantage over styles of 
basins with secret waste valves of closing the basin outlet directly at 
the bottom and in full sight. Clean water filling the basin is there- 
fore necessarily pure water, as it does not have an opportunity of 
coming into contact with the befouled sides of secret waste channels. 
The overflow is also made larger and somewhat more accessible for 
cleaning. 

Incidentally mention should be made of the convenient method of 
supply to the basin by means of a combination faucet surrounding 
the spindle of the waste fitting, the water (hot and cold) being con- 
trolled by two handles placed at the side of the cross handle operating 
the waste. 

A basin with a similar waste arrangement is shown in Tig. 70, but 




Fig. ^ 2 . Section of Basin Shown in Plan in Fig, 71, 


basin slab. In all other respects this basin has the same advantages 
as those mentioned for Fig. 68. Still another basiti of this type, with 

a novel form of supply fitting, is shown in plan and section in Figs. 
71 and 72. 
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The distinguishing feature of the basin sliown in section in Fig. 73, 
which is designated from the name of its inventor as the Riker basin, 
is that only one passageway is provided for lioth the waste and the 
overflow. In this respect it resembles the standiiijie basin, Fig. 67. 
The bowl is molded with a pitch to the l)ark, and has in place of a 
plug a standpipe siphon K, and the water is held in t!ie basin, when 
the same is being filled to the overflow point, Ijy tlie <-onlined column 
of air held between the siphon and tlie trap. If more water is 
allowed to run into the basin, it overflows tlirough siphon A", and 
induces a siphonic action by means of which the entire basin is 
emptied and thus it can never overflow. 'I'o empty a full howl, the 
siphon K is lifted for a second at knoI> A. and tlien allowed to settle 
again into its seat; this starts the discharge of the basin, which con- 
tinues automatically and thoroughly cleanses the wiiste and overflow 
passages. A trifling objection is that the last water siphoned up 
drops back into the bottom of the bowl. 

A feature of great importance in this basin is the special brass 
trap, which is reamed absolutely smooth on its inside by means of 
special machinery. Thus all broken or ragged joints and pockets 
for the accumulation of filth are avoided. 

jThe inventor of this wash basin made further improvements, prin- 
cipally in the manner of fitting up the lavatory. Special iron wall 
plates are furnished to which all parts of the slab are altached which 
can be set in place when the roughing of the li.'cture is <lone, when 
waste and supply connections arc also made, thus permitting the 
finishing of the walls, and the lavatory proper can he attached to 
said wall plate at any time afterwards. 

A point of value is the doing away with the ordinary unsightly plas- 
ter-of-Paris joint and the securing of the basin to the marble slab 
by means of the usual basin clamps. In the Riker basin system, 
the marble slab is made very thick and is rabbeted utidiTiiealh to 
receive the bowl, which is cemented thereto securely as shown in the 
section, thus making a smooth exterior finish. 

All lavatory auxiliaries such as towel racks, soap cups, glass 
shelves, swivel mirrors, tumbler holders, etc., are attached to tiu* wall 
plate. A view of a complete Riker lavatory is shown in h'ig. 7.;. 

Instead of having the usual more or less expensive cabinet work 
enclosing the space under the bowl, which sitace is always rendered 
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damp, musty or even foul, the basin should be kept entirely open and 
accessible underneath. Cleanliness and tidiness will thus be much 
promoted, and the mechanics, knowing that all of their work will 
remain fully exposed to view, will have no temptation to scamp those 
parts of it which are usually buried out of sight and out of mind as 
soon as made. 



Fig.” 74 . View of Riker Basin. 

In Figs. 75, 76, and 77 are shown illustrations of modern lava- 
tories fitted up entirely in an open manner. 

A large variety of more or less artistically designed solid porcelain 
lavatories are now offered by manufacturers, and a visit to one of 
their well-equipped showrooms, or a study and inspection of their 
well-illustrated catalogues, will convince any one that these are sani- 
tary fixtures well adapted not only for public and office buildings, for 
hospitals, institutions and hotels, but also for private residences. 
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The chief advantages which solid porcelain lavatories offer, com- 
pared with marble washstands, are: 

Their highly glazed surfaces are non-absorbent and do not 
become discolored or stained. 



Fig. 77 . View of a Group of Basins. 

2 . The objectionable plaster-of-Paris joint between earthen bowl 
and marble slab is done away with, the lavatory, basin and slab 
being all in one piece. 

3. To the plumber there is an advantage in the saving of time and 
labor in fitting up a washstand. 
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4. To the architect and building sui)t‘rintcn(lcn| Hutc is tlie ad- 
vantage in doing away with the trouble of obtuiiiing u liigh ([uality 
of marble without any dark streaks, veins or other iiuperfeetions. ' 

5. Other slight advantages are the doing away with aprons for 
lavatories; the large size of the basin; and the general cleanly and 
inviting appearance. 



Fig* 78. View of Solid Porfelain Lavutt^rv. 

6. Solid porcelain lavatories arc also more durable and strong. 

supports Save tlie time required in the 
g of nickel-plated brass basin legs or .standards. 

firmsLrn^lV^A** lavatories (Fig. 78) made by the best 

areneat m design and appearance, generally of a pk;asing shape. 
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of a beautiful glaze, and taken altogether are a sanitary fixture which 
cannot be improved upon. They may be either keyed into the tiled 
walls, or else they stand free from the wall, with all four side edges 
glazed and rounded. Lavatories with integral backs have an advan- 
tage over those with separate backs in doing away with another unde- 
sirable plaster-of-Paris joint. 

Simultaneously with the advent of the solid porcelain lavatories 
other makers brought out handsome, cleanly and sanitary lavatories 
made of enameled porcelain ironware. Of the durability and use- 
fulness of tfiese there can be no question. In appearance they are so 
nearly equal to the solid porcelain lavatories that many times house- 
holders selecting plumbing fixtures for their bath rooms have been 
led to believe the enameled iron fixtures were of the other somewhat 
more expensive material. 

The Water-closet. — The water-closet fixture is usually placed in 
the bath room, or toilet room, but often, and preferably so, it is fitted 
up in a separate compartment or room. In many respects the water- 
closet is the most important plumbing fixture of a house. While 
it may be of doubtful advantage to have a water-closet in cottages 
not liberally supplied with water, especially when every drop of 
water must be raised to a tank by hand labor, there can be, on the 
other hand, no question that in the case of country residences having 
an abundant supply of water under pressure a water-closet proves 
far superior to earth or ash closets. As to city buildings, these are 
never complete without one or several such fixtures. A water-closet 
is in all respects the most complete apparatus devised for the instant 
and thorough removal of waste discharges from the human body. 

In the selection of this fixture, however, more than anywhere else, 
a safe, reliable and impartial guide is required, for the number of 
various water-closet appliances manufactured is exceedingly large, 
and laymen will thus encounter considerable difficulty in making a 
proper selection. 

The leading requirements of a sanitary water-closet are the follow- 
ing: 

(1) Its material should be strong and durable, smooth and non- 
corrosive, and, above all, non-absorbent. 

(2) Its form should be such as to have a minimum of fouling 
surface; it should have no sharp angles, but, on the contrary, rounded 
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corners; its sides should be nearly straight; its trap slunild |)reftTably 
be above the floor, so as to have the water seal plainly exposed to 
view; its basin should be so shaped as to hold w;iter, because this 
helps in immediately deodorizing the deposits, and previ-nts them 
from adhering to the sides of the bowl. 

(3) Its appearance should be neat and inolTensive and iis form 
and shape such as not to require any superfluous, costly ;ind oI)jec- 
tionable cabinet woodwork. 

(4) Its construction should be simple and not liahli; to derange- 
ment; all unnecessary appendages should 1h‘ aa'oided, and it is 
well, in particular, to have no movable machinery in the closet, such 
as tilting pans, hinged flap valves, gate valves, pluttgers. rods and 
chains, levers and cranks, or other parts. 

(5) The flushing of the water-closet should be thorough, power- 
ful, and .such as to cleanse efliciently every part of the api)aratus 
including its trap, but at the same time the flush should be arranged 
in such a manner as to be noisele.ss in oiteration :md not wasteful 
of water. The flushing water should prefer:d)ly be drawn from 
an elevated special tank or cistern, and not directly from the siqiidy 
pipe. 

The requirements enumerated above are not fuUilled by any of 
the older types, the so-called mechanical closets - that is, those 
which use some movable machinery in the closet apparatus to dis- 
charge the contents of the bowl. Heitce the pan clo.set, the valve 
closet and the plunger closet cannot be recommended for use in 
buildings which are to be provided with gooil sanitary drainage. 
The chief objection to their use, aside from their comi»lication and 
liability to derangement, lies in the fact that tliey do not effeet a 
complete removal of the faecal matter. 'I’lie pan chtset, once so 
popular with architects, plumbers and builders, was partienlarly 
faulty in this respect, as any one could easily ascert.ain hy taking 
the trouble to investigate the inside walls of the cont.ainer or re- 
ceiver, which, after a few months’ use, were invariably found coated 
and fouled, giving rise to a dangerous and anmtyinjt .hromposition 
of faecal matter within the hou.se walls. 

Having elsewhere* discu.s.sed the fattlts of the older tyi)es of 

* See “House Drainage and Sanitary Plumbing,” r.iili cclitiou, !>. \an .N'ostranil 
Co., 1909. 


PLUMBING OF MODERN CITY BUILDINGS. 


137 


closets at length, and seeing absolutely no reason for changing my 
views in the matter, I may be permitted to dismiss the subject 
with these few words.* 

In the following I desire to speak more in detail of the modern 
simpler sanitary water-closet appliances. To such belong, more 
or less, all the varieties known as hopper closets, wash-out closets, 
wash-down closets, siphon and siphon jet closets. The distinctive 
feature in all of them is the absence of mechanical seals and of 
working mechanisms in the closet proper. In all these types the 
discharge of the contents of the closet bowl is effected by a 
sudden and powerful flush, usually from a special flushing 
cistern. 

We may subdivide this class of closets further by distinguishing 
between hoppers having no standing water in the bowl outside of 
what water is contained in the trap, and hoppers the bowl of which 
is so shaped as to hold a more or less large volume of water. The 
former may be called dry hoppers to distinguish them from the latter, 
which are called improved or pedestal hopper closets. All pedestal 
closets have the trap above the floor, while the long hopper is a 
similarly shaped conical vase having its trap below the floor. The 
short hopper is, on the whole, preferable, because it has less fouling 
surface, and because the water level in the trap is nearer to the seat. 
All dry hoppers, both the long and the short, lack the advantage of 
a large surface of water in the bowl to receive deposited matters, 
and hence due care must be taken to shape the bowl in such a way 
that the sides may not be soiled. Much depends upon the charac- 
ter of the flush, and this, to be effective, should come down in a 
sudden dash through a large service pipe; it should enter the 
bowl at the top, and be thoroughly distributed and directed down- 
ward through a well-constructed flushing-rim. Dry hoppers with 
a spiral whirling flush should never be used, as it is difficult 
to keep their sides free from matter adhering to them. It is well 
to apply to all dry hoppers a “preliminary” flush sufficient to wet 
the sides of the bowl before use, and this, in the case of a servants 
closet, is best arranged to work automatically by a mechanism 

* At the present time pan-closets are scarcely to be found, except in very old houses. 
In many cities and towns the plumbing regulations very properly prohibit their use 
altogether. Valve and plunger closets have likewise been discarded, and replaced 
by wash-out, wash-down, and siphon jet closets. 
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coming into action when the seat is (U‘i>resse(I. (Sec ChaiRer V 
for description of a combination [lull and automatic tank.) 

Due regard should also bo had to the proper adjustment and 
construction of the seat; a proper size and position of die hole in 
the seat will aid much in preventing the striking of the soil on the 
rear side of the hopper. With these precautions the dry hopper 
may answer the purpose where a cheap closet, free from iiidden 
or inaccessible fouling spaces, is desired. It is obvious, however 
that, to keep it thoroughly clean, recpiires more water liian the 
improved hoppers, which hold a large volume of water in the howl. 
Still I do not hesitate to jrronounce a dry liopper, even if occasionally 
soiled from use, far .superior to the pan, valve or plunger closet. 
With proper attention to domestic cleanline.ss, it is easy to keep 
even an ill-flushed dry ho])per closet free from ol'fense by a daily 
scrubbing with soap and hot water, while with mechanical closets 
the soiling of inside corners and surfaces may go on for a long time 
unperceived, and hence no elTort will be made to remedy tlie trouble. 



Fig. 79. .Section of Wiislunit Clusrt. 


Amongst improved closets, which were used for a time in much of 
the better class of work, may be mentioned tint wash-out closet. 'I'his 
type of closet (see Fig. 79) is made in one piece of earthenware, and 
shaped so as to hold a shallow flei>th of water in the ba.sin to receive 
and deodorize the excrements, and a suirn-ient volume of water in 
the trap below. The flush is derived from a S[)efial eislern, and 
enters the bowl at a point directly opposite the closet outlet, or else 
at the same end where the outlet is situated. 'Fhis may be located 
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either at the rear, at the sides, or in front of the closet, and it is easy 
to distinguish thereby the closets of various makers. They are 
usually known as the front-outlet, the back-outlet and the side-outlet 
wash-out closet. All these have flushing-rim bowls, and a generally 
powerful and cleansing flushing stream, which drives everything out 
of the basin into the closet trap. Here, however, more or less water 
remains, as the force of the flush is to a great extent lost in sweeping 
the basin. 

Some of these closets have a bad spattering flushing; in others the 
traps are either not conveniently accessible or entirely out of sight. 
The majority of wash-out closets have at the outlet, between the basin 
and the trap, a rather large and easily befouled surface, which is 
superfluous and objectionable. All wash-out closets require a large 
volume of water, and have, as usually arranged, the same drawback 
which pertains to the dry hoppers, of a rather inconvenient and dis- 
agreeable noisiness when being flushed. Yet, notwithstanding all 
these defects, they were rightly considered vastly superior to the pan, 
valve or plunger type of closet, and for a long time they were much 
in use, until the manufacturers brought out other improved types. 

Far better than the wash-out closets are those having the whole 
bowl so shaped as to form at once a trap against gases from the soil 
pipe. Such closets are 
sometimes called “ wash- 
down ” closets (Fig. 8o), 
when the flushing stream is 
driving everything out 
merely by the downward 
force of the pelting water. 

Closets of similar design, 
in which, however, a jet 
action serves to cleanse the 
trap and to remove the con- 
tents of the basin, are called 
“ siphon jet ” closets. In Pi(j_ go. Section of Wash-down Closet, 

their earlier forms they 

were made in two pieces, the bowl being o& earthenware and the 
body of the closet of cast iron (see Fig. 8i), but later on they were 
molded in one piece of earthenware (see Figs. 83, 84, 85, 88). 
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To work properly, closets of this type recpiire a tlusliing cistern 
placed at least six or seven feet above tlie liowl, lienee they are not so 
well adapted to places having low ceilings, 'riiey also consume a 



large quantity of water, viz., from four to live gallons at each flush, 
which fact may become a senous objection to their use in some 
places where the water supply is limited. 



^ ingenious and in many respects excellent form of improved 
pedestal closet is the “Dececo ” siphon closet (Fig. Hi), which was 
the invention of the late Col. George E. Waring, Jr. ft is made in 
one single piece of white earthenware, of graceful form, and the 
owl IS so shaped that it forms a deep water-.seal trap, but the depth 
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is confined to the rear part of the closet, just where the water is most 
required. At the front the bowl is covered by only a shallow depth 
of water. In its early form the closet required a weir under the floor 
to aid in starting the siphonage. I quote the following from the 
inventor’s description of the construction and operation of the 
closet: 

“In this closet I have tried to overcome the objections to the mechan- 
ical or valve closets, while retaining the very great advantage of a deep 
bowlful of water for the reception of deposits and for the suppression of 
odor. The closet has a seal 4 inches deep, a depth of water in the 
bowl of nearly 7 inches, disposed in the most useful way, and a suffi- 
cient submersion of the front part of the bowl. It has the advantage, 
also, that its seal is in full view, and always under control. When 
it seems to be right, it is right. 

“The closet is supplied with water through an ordinary flushing-rim, 
connected with a service box or cistern overhead, which is operated by 
a pull. When the latter is drawn, a capacious supply of water flows 
into all parts of the bowl through the flushing-rim, washing it completely 
and raising its water level rapidly. There is soon established a strong 
siphon action, which continues until the water in the bowl, into which a 
strong stream continues to flow, descends below the top of the intaking 
limb. Then air is admitted at this point and the flow through the 
siphon is checked. The water in the outgoing limb of the siphon falls 
back and establishes a water seal in the bowl. The service box is so 
arranged that after the main supply is stopped a small stream continues 
to be discharged into the bowl, until it is filled to the height of the over- 
flow point. ” 

“The closet uses at each operation about 3 gallons of water, which 
gives a thorough flushing to the soil pipe and to the drain, while it has a 
further advantage of sending a good part of its water into the soil pipe in 
advance of the foul matter, thus lubricating their passage through the 
whole drainage system. Although this considerable volume of water 
is essential to its complete efficiency, the closet can be emptied by pour- 
ing a pailful of water into the bowl, an advantage which renders the closet 
equally adapted as a slop-hopper.” 

I have made use of this type of closet, which was later on modified 
so as to have no weir under the floor, in a great many first-class 
residences' and in hotels, and the flushing of the bowl has been uni- 
formly good, though the valve in the flushing cistern has at times 
given cause for complaint, a matter, however, not beyond remedy, 
and which has no reference to the excellent principle of the closet. 
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Another form of improved pedestal closet ia-i(uircs a somewhat 
detailed description, because it is of superior eonsiruelion and its 
design based upon sound sanitary iirineiples. 'i’his is the Sanitas 
self -sealing water-closet, shown in section in Fig. Sp 



The closet i.s manufactured in while eartlienware and resemhle.s some- 
what in shape the short hopper, having a IhjwI and a trap combined in 
ohe piece and no superfluous interior surfaces, angles «ir corners to which 
soil may adhere. The area of the hottmn of the howl is so sliniK-d as to 
present a large surface of .standing water to reeeive ami de<idorize 
waste matters, and the overflow point is raised much higher than usual 
in order to retain a deej) body of water, ami hence a liccp water seal, 
in the bowl. It should b« notetl that the water is deepest at the rear of 
the closet, at the ])oint where soil would he most lialde to strike the .sides. 

The top of the bowl is provitUsl with a llushitig rim into wliieh the 
flushing water enters in a novel munner. To avoid die usually noi.sy 
operation of the flush and ahso the freiptent .spatienng, the tlu.shing 
water is conducted into a large body <.f water below the mirmal water 
level, from where it overflows into the llu.shiiig rim and lu-mv down the 
sides of the bowl. 

Another part of the flushing water is <lireete.l, imlepemleiitlv of the 
stream which feeds the flushing-rim, to the b.ittom of the l.owi, where 
it onters through a jet or nozzle arrangement, iliseharging with great 
force into the ascending leg of the closet trap. This remove.s part of 
the water from the trap and causes that which i.s in ih.- bowl to .dtik into 
its neck, where it is more ea.sily acted upon by the upp..,- Ibisl,. Mean- 
while the upper jet fills the pa.s.sage leading to th.- iludiing rim and, 
overflowing, descends upon and drives out the wa-iii' matters wliieh 
have descended into the neck. The lower jet is always eov.Ted by 
water from the upper flush, the comsiruetion and projiortion.s being .such 
as to ensure this result. Hence both jet.s are noiseles.s. 
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In other trap- jet closets no provision is made to ensure the covering of 
the jets and a loud roar is occasioned. These closets, moreover, are 
emptied by siphonic action produced intentionally in the trap, and this 
emptying by siphonage adds to the jet roar a disagreeable “gulping” 
sound, caused by the sudden inrush of air under the dips as the water 
escapes. Both of these causes of noise are avoided by the flushing 
principle of the “Sanitas” closet, in which a trap vent nozzle is pro- 
vided for the purpose of preventing the formation of a siphon by the 
supply of air. When entire noiselessness is not needed and the law does 
not demand universal trap venting this vent need not be connected. 

The action of the “Sanitas” closet is almost instantaneous, it. being 
possible to flush it easily in one second and with less than a gallon and 
a half of water. 

Another peculiar feature of the flushing of this closet is the “Sanitas” 
water-closet supply pipe, in which all delay and noise occasioned by 
the water passing from the cistern down the service pipe, when the pull 
is operated and the cistern valve is lifted, are avoided by constructing the 
supply pipe on the principle of an inverted bottle, so that the water shall 
be hung in it below the cistern valve, as far down as the standing water 
in the bowl, simply by the pressure of the atmosphere. This supply pipe 
is, therefore, always full of water, the pipe being closed at the top by 
a cistern valve and at the bottom sealed by the water in the closet bowl. 
The flush is thus made to act instantaneously. The closet is self-seal- 
ing, for the moment the water in the trap is lowered to a certain point 
just above the dip of the trap, water follows from the upright supply 
pipe until the trap is refilled up to the overflow line. There is thus 
provision made for reestablishing a perfect deep water seal if the latter 
should be lost by evaporation or even by siphonage. The latter case 
will but rarely occur, as the trap has more than the ordinary depth of 
seal. Evaporation, on the contrary, is constantly going on in houses 
closed during the summer months, and it is here where the advantage 
of the self-sealing closet and the “Sanitas” water-closet supply becomes 
most apparent. Finally, as every part of the closet bowl and trap is read- 
ily accessible and at all times open to inspection, it is easy to remove, 
by a sponge or otherwise, all water from the closet in houses to be left 
unoccupied during the winter, in which plumbing work is most exposed 
to freezing. 

Shortly after the principle of the siphon-jet closets became known, 
several manufacturers of sanitary specialties introduced improved 
forms of siphon-jet and siphon water-closets, of which I will mention 
and illustrate several of the best types. 

Fig. 84 is a vertical section through Mott’s “Primo” siphon-jet 
water-closet apparatus. As the section shows, the bowl holds a 
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large volume of water, and the bowl is judiciously shaped. The 
flushing water, coming from the overhead lluslui\g tank, is divided 
at the entrance to the bowl into two streams, one of which enters the 
flushing-rim to wash the upper ])ortion of the bowl, while the other 
stream descends to a lower jet, which assists in ejecting the contents 
of the bowl. A recent improvement of this closet consists in ])lacing 
the orifice of the jet so as to be concealed, leaving the lower bottom 
of the bowl entirely free from holes in the earthenware or from brass 
jet pieces as used in some of the earlier forms (Kig. S5K 
In Fig. 86 is shown an imi)rovcd form of floor connection used 
in some of the closets made by the J. L. Mott Iron Works, and 



Fig. 86, Section of Mott’s Improved Form of FItHjr (‘iuintn tion, 

which is intended to give greater guarantee against leaky floor joints. 
A brass flange threaded on the outside is securely ami rigidly ce- 
mented into the foot of the closet, and the lead bend is provided with 
a brass collar threaded on the outside. In setting the closet, it is 
screwed upon the brass collar soldered to the lead bend, and plum- 
bago grease is put on the threads, as re<l or white lead would harden 
so much in the joint that the closet couhl not be unscrewed after 
once being set. 

Fig. 87 shows the “Vortex” special water-closet manufactured by 
the Meyer-Sniffen Company. In principle it is sinrilar to the siphon- 
jet closets previously mentioned and illustrated. It has a very good 
form of bowl and an efficient flush. The top of the closet and the 
flushing-rim are molded with a roll-rim which givt's to the closet 
an excellent appearance. 

Fig. 88 illustrates in lection the form of the bowl of the “ I’luvic” 
water-closet, another excellent closet of recent date, matlc by the 
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Hydraulic Specialty Company of Philaclelidiia. '.riu- sj )iTial features 
of this closet are that it dispenses with jets in the lower part of the 
closet bowl. Its flush is instantaneous and strong, and comparative 
noiselessness is attained by forcing the air contained in tlie flush 
pipe out through the outer shaft of the closet into tlie soil ])ii)e, so 



Fig. 88. Section of IMuvic CIohcI. 


that the water entering the flushing rim is free from air. As long 
as there is water in the bowl, this closet is securely scaled against 
gases from the soil pipe. One minor advantage of this closet is that 
it can be worked by means of the discharge of a ptul. It is efliciently 
flushed with a few gallons of water. The appearance, of the closet 
with its flushing cistern is shown in Fig. 8t}. 

Besides the siphon-jot and siphon clo.sets there is anotiier type 
of closet which is an evolution of the improved hopper closet with 
water in the bowl. For want of a better name these closets are 
designated as pedestal wash-down closets, the direct action of the 
flushing water as it enters the bowl with a downward rush c'lTccting 
the discharge. A very excellent closet belongitig to this class is 
the “Surety” closet made by the Meyer-SnilTen ('ompany, illus- 
trated in section in Fig. 90. 

Awash-down closet very similar in action and appearance is the 
“ Sank” water-closet manufactured by the Hydravdic Specialty ('ora- 
pany of Philadelphia, and shown in Fig. yi. It shoidd be noted 
that in closets of this type it is im])ortant that the water should 
descend very rapidly into the bowl, hence it is advisabU* to use a 
flush pipe of or even inches bore. Sometimes, however, they 
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Fig. 89. View of “ Pluvic ” Closet. 
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are flushed by a special flushometer valve, as shown in this 
case. 

Besides water-closets having the regulation overhead flushing 
tanks there have been introduced in recent years two modifications, 


Fig. 91. View of Sanic Closet with Flushometer Valve. 



viz., the so-called ‘‘low-down tank” closets (Figs. 92 and 93), 
and the closets which have a flushometer valve in place of the over- 
head tank. In my judgment, they have a limited usefulness, such 
as in situations where the water-closets must necessarily stand under 
stairs with little head room, or for the upper floors of buildings, 
where the water pressure is low. I cannot see any good and valid 
reason for using them altogether in place of the regular closet appara- 
tus with high cistern. I have yet to learn of a good closet with a 
good overhead tank which has failed to work well and to give 
continued satisfaction while requiring but small repairs or none at 
all. There are fads in everything, and my impression is that the 
preference given in certain quarters to a flushometer closet must be 
accounted for as being merely a passing fad. 






Fig. 93. View of Mottos Latona I^w«clown I'anl; 
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Flushometer Valves. — The Koston flvish-valve closet (Fig. 94) 
made by the Crane Company of Chicago is claimed to l)e one of 
the best of its kind. Many flushometer val\'es ha\’e been put on 
the market with varying success where the water was fairly clean, 



Fig. 96. View of “Unique” Water-flo.scl with Closwl Tank for Klu-.liing. 


free from grit, alkali or alum. All such vtdves htive heeit const ructed 
practically upon the same princiitles. 

A sectional view of the Boston Hush, valve is showti in Fig. (^5. 
This valve is claimed to work just as well on dirty or muddy water 
as it will on filtered water, because there an* no small by passes 
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to Stop up or close fits to corrode, and it does not make any differ- 
ence whether the water contains alkalies or not. It can be regulated 
to any length of flush desired without shutting off the water. 



Fig. 07. Sectional View of “ Unique ” Water-closet with Supply Tank Placed behind 

a Partition. 

The working parts of the valve may he removed simply by un- 
screwing the cap C. , . , • r 

Figs. 96 and 97 show another novel form of flushing device for 

a water-closet. The bowl of the closet is much the same as other 
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bowls, but the difference consists in the (k-\-ifc iuti-ndcd for flushing. 
Instead of an overhead flushing tank, or a low-down lank, or a llush- 
ometer valve, the “Unique” water-cdosct, nuimifactured by the 
Staples Valve Company of Newburgh, N. provides a closed 
metal cylindrical tank as shown. 



Fig. 98. View of “ Unique ” Water-closet Showing Scat Action. 

It is connected with the supply pipe through inlet .V (log. 97) and 
is operated by pressing down the handle which tttiist he held a 
short time and released. When the htindle i.s prt‘s,se<l dowti wtiler passes 
through the auxiliary valve F under plunger I, lifting the [ilunger 
until it touches float H, which immediately ri.ses to the top of the 
inner chamber G, opening the outlet from the tank. The eomiire.ssed 
air above the water in the tank K forces the wtiter <lown into chtiraber 
D, the plunger returns to its original position and the water pattises 
out into the flushing-rim of the bowl through outlet H. 'I'he device 
operates successfully only where the pressure is more than 10 pounds, 
and according to the pressure two different si/.e.s of tanks nitiy be selected. 
The valve may be operated by hand or else it may he mttdt; automatic 
by being connected with the seat. 

As shown in Fig. 98 this style of closet kuids itself particularly 
to conditions where it is desired to hide the Iktshing tank from 
view. It is said that this closet, if properly inst tilled, is absolutely 
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noiseless in action. It uses from 3J to 4J gallons of water at each 
flush, and being made in one piece of metal it is not so liable to leak 
as box tanks. It has only a few working parts and is said not to 
get out of order easily. 

Closet Bowls with Local Vent. — Sometimes the water-closet 
bowls are provided with local ventilation, the vent outlet being 
connected with a heated flue, as shown in Fig. 99 * 



Fig. 09. Section of Water-closet with Local Vent. 


General Arrangement of Water-closets. — The manner of setting 
the water-closet in the bath or toilet room is of much importance. 
Simplicity in arrangement and entire accessibility of the fixture 
and its surroundings are the chief requirements. To accomplish 
both, I long ago advised putting as little woodwork about the 
fixtures as possible. All that is required is a well-made hardwood 
seat, preferably without cover. 

Water-closet Seats. — The old-fashioned square-box water-closet 
seat with frame and riser in front of the bowl is now quite obsolete. 
If a full seat is desired, it should be supported on the side walls by 
means of nickel-plated crotches fastened to the wall (Fig. 100). 

• The seat should be arranged so it can be lifted out of_ the crotches 
to expose the entire water-closet appajatus. This permits of turning 
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the seat out of the way when the closet is not in use, thus leaving 
the fixture exposed so as to be readily cleaned. '1 he same arrange- 
ment makes a closet serviceable as a urinal for male persons. 
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Fig. 100. Detail Plan of Full-; 
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In the past few years it has become customary to attach the 
wooden seats directly to the porcelain closet bowl by means of 
nickel-plated brass posts and brass hinges so that the seat can be 
swung back and out of the way. In the illustrations are shown 
several forms of modern apparatus having such a sanitary seat 
arrangement. 

Regarding the shape and dimensions of the hole in the seat, there 
is still noticeable a tendency to make the hole too large. One of 
the most comfortable and hygienic seats of which I have knowledge 
is made of shape and dimensions as shown in Fig. loi. 



Fig. 1 01. Water-closet Seat of Approved Dimensions. 


In connection with the arrangement of water-closet seats, some 
special devices and types caU for brief mention. In the use of a 
closet quite often some urine is spilled over, and with the modern 
open arrangement of fixtures this has led to undesirable conditions 
at the foot or base of the closet. Formerly the same trouble was apt 
to occur, to be sure, but it did not show then, though it led just the 
same to unsanitary conditions inside of the box enclosure of the 
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out and the bowl so shaped at the front and top of the closet as to 
substitute porcelain for the wood. ' This raised porcelain part is 

intended to prevent the 
soiling of the front part 
of the seat and of the 
floor. Incidentally it 
provides another im- 
portant sanitary feature 
by reducing the danger 
of bodily contagion to a 
minimum. This form 
of closet seat was orig- 
inally devised by a 
woman (see Fig. 104) , and 
it is now in use in many 
women’s toilet rooms 
of hotels, department 
stores, railroad depots, 
hospitals and of&ce build- 
ings. A similar seat with- 
out the raised porcelain 
part is shown in Fig. 105. 

Another form of water- 
closet bowl, differing 
from the standard form 
and embodying a novel 
idea, was brought out a 
few years ago. It is 
illustrated in Figs. 106, 
107 and 108, and is 
known as the “ Nature ” 
closet. Instead of having 
the usual horizontal form 
of water-closet seat, this 
closet provides a seat 
with a backward slant, 
that is, the bowl and seat are higher in front than in the rear, and 
at the same time the bowl and seat are lower than the normal ones 




(see Fig. io6). The inventor claims — ■ai\(l many physicians and 
surgeons confirm his views — that a high seal is not only uncom- 
fortable and leads to a cramped iiosition of the boily, but that 
it is physiologically incorrect, because it causes a constriction of 






cud Imm Mm 


Fig. io8. View Illustrating Slant of ** Naluru W'aivr « 1‘Hnvl, 


the long intestine or descending colon, The ‘‘Natnni” closet 
differs from the ordinary closet in the shape of tlu* slanting bowl 
and seat, which compel the user to assume a physic dogirally ('orrect 
position when seated, i.a., a posture which favors an easy and 
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complete evacuation of the rectum. It is said that gynaecologists 
also approve of the principles upon which the “Naturo” closet 
is based, for reasons which it is not necessary to explain here. 

An incidental advantage gained by the use of the slanting form 
of bowl and seat is that in micturition in a sitting position, both 
by male and female persons, the front of the bowl, being 
raised higher, forms a protection and a safeguard against the wet- 
ting of the seat, and against the spilling of urine over the front top 
rim of the bowl, which so commonly occur with the usual closet 
bowls. From personal observation I can assert the fact that this 
is accomplished very satisfactorily, and thus another advantage 
from a sanitary point of view is attained, which is at least equal to 
that of the form of water-closet bowl described before. 

Floor and Walls of Water-closet Compartments.— The floor and 
the walls of a water-closet apartment look best when finished with 
plain white glazed tiles or with marble slabs; both arrangements 
are much superior, though more costly, than wooden wainscoting. 
Where economical reasons do not permit the expenditure required 
for tiling or marble, a slab of slate forms a good floor, and for the 
simplest and plainest kind of work a narrow well-jointed hard- 
wood floor answers all purposes, though it is even then wise, and 
required by some building or plumbing regulations, to use a nar- 
row marble or glazed porcelain slab directly under the fixture. 

The Slop-hopper or Slop-sink. — An open arrangement of the 
water-closet fixture permits its use as a slop-hopper, and it is im- 
portant in cases where such use is made of the water-closet to 
instruct the servants to flush the fixture each time slops are poured 
through it. The occasional use of a water-closet as a slop-hopper 
assists in preventing its sides from becoming befouled, particularly 
in case of the dry hopper closets. Nevertheless I do not desire to 
be understood as being opposed to the use of special slop -water 
apparatus in every case. I consider them a necessity in hospitals, 
hotels, large boarding houses, clubhouses, and in the better class of 
private residences, where each bedroom is generally provided with 
its own separate bath-room. In this case a housemaid s com- 
partment must be provided on the bedroom floor which should 
contain a slop-sink. 

The objectionable pan, valve and plunger closets could not be 
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used for the pouring out of slops, as their overflow passages neces- 
sarily became filthy from such use. In private residences, fitted 
up with freely exposed improved modern types of water-closets 
having no mechanical obstructions in the bowl, and presenting a 
large and free waterway into the drain, a slop-sink or slop-hopper 
may, in some cases, be considered a superfluous fixture. 

But, if a slop-sink is used, it should preferably be of the type 
which has a flushing-rim and a regular flushing cistern with flush 
pipe connected with the top of the sink, such as shown in Fig. log. 
Such a fixture always requires a strainer, generally an open strainer, 
to prevent the obstruction of the trap. The latter is formed^ in 
the shape of a standard and answers as a support of the slop-sink 
proper. The sink should be provided with single or conibination 
faucets for hot and cold water and with a flush pipe coming from 
the overhead tank. These fixtures are obtainable in enameled 
iron or of porcelain, which latter are possibly more durable; but 
best of all are the new roll-rim earthenware slop-sinks, made in 
one piece of heavy glazed ware and having the top provided with 

a flushing-rim molded in the sink. 

The Urinal. — For private residences the urinal seems to be the 
least desirable of all fixtures. Although really superfluous and 
always objectionable, this fixture is still found in some of the 
larger dwellings. I have already indicated how a water-closet, 
fitted up with a hinged seat and entirely open in accordance with 
the most modern ideas, may be perfectly well used as a urinal. 

It is quite different in the case of hotels, railroad stations, club- 
houses, and places of amusement. Here the fixture is a neces- 
sary one in the toilet rooms intended for the general public (see 
Fig. no). 

A urinal fixture must be flushed with an abundance of water m 
the most thorough manner, and it is always desirable that the 
fixture itself into which the urine is discharged,^ should contain 
water, so as to dilute the urine. A form of urinal intended to 
offer these advantages is shown in Fig. in. The trap is in this 
case molded in one piece with the bowl. Several new styles of 
urinals are molded much on the principle of the siphon-jet closet 
and have a very powerful flush which thoroughly cleanses the 
fixture.* My experience with urinal fixtures has been that those 



Fig. 1 10. View of Urinal 
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not provided with a lip in front keep cleaner, as the user will stand 
nearer Another help in securing a clean unnal stall, free from 
drippings on the floor, is to set the urinal low, not more than twenty 
inches from the floor to the toi) of the front ol howl 

A novel form of urinal apparatus is shown in I'lg. ii.!. It is 
a pedestal urinal, with bowl hokling water. This form of urinal 
was first brought out by 
the Meyer-Sniffen Cora- 


pany. As shown in the ' 

view. Fig. 1 13, the urinal 

is made of earthenware 

in pedestal form, and ,, 

stands entirely free from U 

the wall on the floor. \\ 

This does away with (i -j 

the joint between the i 

usual form of urinal and . 

the wall, and permits ^ 

the easy cleaning of 

the entire fixture. The 
bowl, as shown in sec- 
tion, is formed very 

much like the bowl of // \\ 

a siphon-jet closet, and hj / j J L 

the discharge of the 7 ^ V 

urinal is effected by W 

means of the jet sup- -J V y/ 

plied from the overhead \ f ly 

tank. Another ad van- 

tage claimed for this ~ 

style of urinal fixture is I f/) -y- 

that the user will stand /& 

closer to the fixture, 
thereby insuring greater 

cleanliness. A further . Pio. n.u vu-w oC iViU-siai t’nmi!. 

possible advantage is _ i . 1 t 

that owing to its peculiar shape the fixture seems adapted to 

used as a urinal by both men and wonum. 
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Fig. IIS- Section of a City House Showing Plumbing. 







Fig. 1 1 6. Plumbing ConnecUons for Kitchen and Panti)' Sinks. 
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For public buildings the best form afid type of urinal available 
is the solid porcelain stall urinal in niche form, with base and 
platform of glazed earthenware, and provided with large strainer 
and waste pipe. 

General Arrangement and Connection of Plumbing Appliances with 
the Plumbing and House Drainage System. — It is not necessary in 
this chapter to give a minute description of how the sanitary appli- 
ances of a building are connected with the drain and soil-pipe 
system, how this system is efficiently ventilated, and how the fix- 
tures are trapped in a safe manner so as to prevent sewer air from 
entering the apartment where the fixture is located, for the elements 
of a system of house drainage and the proper arrangement of soil, 
waste and vent pipes have been discussed in Chapter I.* 

A few illustrations are introduced here for the sake of explana- 
tion. Fig. 1 14 shows the plans and Fig. 115 the section of the 
plumbing of a city house. 

Fig. 1 16 shows the plumbing connections for a kitchen and an 
adjofning butler’s pantry sink, and Fig. 117 shows the plumbing 
of a set of laundry tubs. The plumbing connections for bath 
rooms arc shown in two examples. Figs. 118 and 119, and Fig. 
120 shows the plumbing for a single washstand, while Fig. 121 
shows a set of two adjoining lavatories. This last arrangement is 
the only one showing back-vented traps; all other figures^ are ex- 
amples of the one-pipe system in connection with non-siphoning 
traps. (Sec Chapter III.) 

Finally I give in Figs. 122-125 typical views of modern bath rooms. 
Figs. 124 and 125 are taken from a well-illustrated booklet of the 
Standard Sanitary Manufacturing Company of Pittsburg, which 
firm makes a specialty of high-grade enameled iron fixtures. Figs. 
122 and 123 are from a similar book, issued by the J. L. Mott Iron 
Works of New York, who are chiefly manufacturers of fine solid 

porcelainware fixtures. , 1 

These various groups of sanitary bath rooms exhibit the latest 
and highest types of plumbing appliances in the market. The 


* For a detailed discussion of the various kinds of traps and ® 

pgineering of Buildings,” and to his booklet “House Drainage and Sanitary Plumb- 
ing.” 
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Fig. 120. Plumbing Conmnlittns WWwtiimt. 
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plumbing of some of these rooms is plain and inexpensive, as for 
instance that of Fig. 122a and Fig. 124b, while that of others is very 
rich, ornate and elaborate. 

Fig. 122a is a splendid example of a bath room having a minimum 
of space but fitted with all necessary conveniences. About four 
hundred such bath rooms were installed a few years ap under the 
writer’s direction in a prominent hotel in New York City. 

Figs. 123a and 124a illustrate the arrangement of the water-closet 
in a ventilated compartment separate from the bath room proper, 
advocated by the author as desirable and preferable where the 

available room permits of it. ^ ^ j -u 

Elaborate bath-room plumbing is shown in Figs. 122b and 123b. 
One of the handsomest rooms is perhaps the one shown in Fig. 
122b, a small plan of which appears also in the illustration. This 
is a room of much more liberal dimensions and permits the use of 
a porcelain lavatory of extra large size and of a white porcelain bath- 
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Two Views of Modem Bath' Rooms, Tak«*n from Cataiogtir of Hlandard Sanitary 
76 ) Mfg* Co., Fittstmrgh, Pa. 
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tub set in the center of the noor. Two alcoves of the room con- 
tain a shower and needle bath and a water-closet, respect u'ely. 

The special application of the principles ol sanitary .Iramage 
and sanitation to hospitals, theaters and school buildings is dis- 
cussed' in Chapter VITI as well as in the aullior’s recent book “Sani- 
tation of Public Buildings,” while the plumbing ol bath houses 
forms the subject of a chapter in his illustrated work “ Modern 
Baths and Bath Houses.” 


CHAPTER III. 

ADVANCED AND SIMPLIFIED PLUMBING. 

Systems of Plumbing. — A critical consideration of the layout §f 
the plumbing and the house drainage to be found in houses at the 
present day shows that we can distinguish three principal systems, 

namely : 

(а) The antiquated or defective system. 

(б) The regular or modern system of plumbing as carried out 
to-day in most cities having plumbing regulations. 

(c) The advanced system, embodying simplified and improve^ 
methods that have suggested themselves in the light of recent experi- 
ence. The last system is the one advocated by the foremost sani- 
tarians as the system of the future. ^ rn\ 

Antiquated Plumbing Systems. — To the antiquated system (a) 
belong all the defective arrangements of plumbing or house drainage 
as we see them described in some of the text-books and as we find 
them in our inspections of those buildings which are more than 

twenty-five years old. ^ 

Among the chief defects of such systems I mention the square 

brick channels for house drains, or drains consisting of pipes of too 
large caliber and very often made of vitrified pipe with faulty grade 
and alignment, with imperfectly closed joints and other defects 
To this class belong ^Iso those systems in which the soi ^ 
carried the full size to the roof, but either stops entirely at the highest 
fixtures in the house or else has a diminutive vent pipe carried 

^^?n Snnection with such imperfect layouts we generally find de- 
fective pan or valve closets with direct flush from the water service 
Se^ oTby a cistern supply; we also find the other fixtures of a 
bath room unprovided with separate traps, their waste pipes being 

run into the lead trap of the water-closet. _ 

In aggravated cases of this class, the safe waste pipes are directly 
connected with soil pipes, and sometimes local vents for water-close 
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or urinals are so connected, thus forming a dirt-ct nu'uns of entrance 
of sewer air into the room. Sometimes the overilow pipe of a bath 
tub or wash basin is connected with a waste- ihpe on the wrong side 
of the trap, and the ovcrtlow from the house tank or from the 
underground cistern is connected either with the soil pipe or 
with the house drain, sometimes even williout the interposition of 

%trap. 

The remedies for the radical defects mentioned ar<- well known 
and require no further discussion. In a general Nva\-. I would say 
from a large experience with such work, that the best and almost 
only thing to do to remedy such defects is to rii> out the entire plumb- 
ing and to provide not only new fi.xtures but also new housi- drains, 
soil and vent pipes. 

Modern Plumbing Systems. — The second system {!>), which is 
the common or regular system constructed in conformity with the 
majority of plumbing regulations of the piest-nl dav, is in many 
ways a vast improvement over the old system. It is the out- 
come of the experience of the last twenty live sears, set, *t.s I shall 
explain later on, it is by no means perfect nor ;is simple and com- 
prehensive as might be desired. In ordi-r to [joint out the chief 
features of this system, I give heresvitli a brief description (see also 
Chapter I). 

Every building is connected sejiarately and diri-elly ss'ith the sesver 
in the street in front of the house, or svilh the sesver in an alley in the 
rea,r. Vitrified stoneware pipes arc used for the main outsiile house 
sewer to within a distance of generally live feet of the foundation 
walls; under special conditions outside sesver }ii[jes <if iron are 
used. 

The diameter of the house sesver is madi- much smaller than 
formerly. In the case of country houses svliere the r:dn svater is 
excluded, and also in the case of urban residences, in cities having 
the separate system of sewerage, its diameter is determined by the 
number of plumbing fixtures. Where, hosvever, the rainfall is dis- 
charged through the house sewer into the [Jiiblic si-sver, the size of the 
house roof, the area of the lot, if pasa-d, and the amount of rainfall 
govern the size. Speaking generally, small houses ar<‘ readily 
drained by four-inch sewers, five-inch sewers answer for large city 
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houses, and six-inch sewers are required only for very large buildings. 

For buildings covering a wide are^ it is better to provide two or more 
six-inch sewers rather than to use one sewer of extra large size which 
ordinarily runs not more than one-fourth full and hence lacks a 

'“mfiriS the size of the pipe, the larger must be the inclination 
given to the house drain to secure a velocity of flow which will pre- 
vent deposits. Where sufficient fall cannot be obtained flushi g 

aSnXts are provided. All joints are made absolutely Ught to 

prevent contamination of the soil under and around J 

the leakage of sewage and to prevent, in the country, the pollution 

of the drinking-water in wells. 

All inside house drainage arrangements are governed by the t o - 
lowing three essential principles, viz. ; first, all waste matter capabl 
of befng transported by water must be removed quickly and com- 
pleSras soon as produced, and no retention of foul matter in hidden 
parts must be perLted; second, the air of tee house -w- and^ 
soil, drain and waste pipes must not be permitted to enter the roo 
of the building through the outlets of 

drainage system, including fixtures, traps and ^ 

cleansing and constructed so as to be readily accessible in all its vital 

^"^The house drains are, as a rule, carried exposed above the cellar 
floor. The drain, soil and waste pipes are of heavy casteiron or el^^ 
of screw- jointed wrought-iron pipe, and in rare cases of b . 
advantages of the screw joint over the calked joint are the perma- 
nent tightness, the reduction in the 

rigidity of the system. The connections between the house sewer 
and the vertical soil and waste lines, those with the branches 

fullsie through the roof.and the outlets on the roof are left open and 

^'^Air&dures are separately trapped and are concentrated in a 
feV Uu^this concLration leads to more frequent use of the 
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“simplicity” 
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apparatus and this in turn secures a more thorouKli Hushing and 
cleansing, particularly where fixtures arc arranged to act like a Hush 
tank. The points enumerated so far are all e-xeellenl, and leave 

scarcely any room for improvement. _ 

Since the S-traps arc liable to sii)honagc, a secotnl sNslem of pipes, 
called “back-air pipes,” is carried parallel to the soil and waste lines, 
and branches are run from these vertical stacks to the upper hends 
or crowns of all fixture traps (see Fig. i • Where t here are fixtures 
above one another on several floors this leads to a clouhle pipe system 
and to a confusing network of brancli pii>es. Sometimes a third 
pipe system, of local vent pipes for fixtures, is used as sliown in 
the illustration, and adds still further “complication” h. the work. 
The modern intricate pipe system of houses has in this way intio- 
duced new evils and new dangers, some of which will he alluded to 

further on. 

Advanced Plumbing System.— The advanced system (c) of plumb- 
ing has up to the present time been installed in only comparatively 
few cases. It is distinguished from the regular or “double pipe” 
system chiefly by reason of its greater simplicity and compactness 
(see Fig. 127). The principles of Ivousc drainage remain much the 
same, while the advance consists in the simplification of the work, 
in greater thorewghness of workmansliip, and in greatei safety. I 
have for many years contended, and a long experience has only 
confirmed my views, that where plumbing fixtures are located 
within a short distance of a well-vcntilatcd soil or waste line, the 
special back-air pipes can with safety be dispensed with, provided 
non-siphoning traps are used under basins, hath tubs and sinks, 
and provided types of water-closets are used which have a deep 
waterseal. 

Able sanitarians have at various times explained the advantages 
of the system and demonstrated that it is safer and more sinentific 
than the complicated double-pipe system. In my own practice I 
use it by preference wherever I am left untrammclcd by the dictates 
of Building or Health Department regulations. Figure i , ( 'Iiapter I, 
illustrates a system of house drainage bused upon ihesi' prineijiles. 
The illustrations, Figs. 213 and 214, in Appendix H.are also intended 
to explain the difference between tlie “ double pipe " and the 
“ single-pipe” systems. 
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Trap Ventilation. —The advocates of back-airing claim that 

separate vent pipes are necessary 

I. To prevent traps from being forced by siphonage or back 
pressure, also to prevent the absorption of gases by the water 

To aerate the traps and every inch of the branch waste 

^^The first object can be accomplished safely by methods^ which 
are less costly and less complicated, and the second is attained at 
each discharge of a plumbing fixture provided this is 
stantly, and also provided it is constructed so as to be quick- 
emptjing, and its discharge working similarly to that of a flush 

tank. 

Objections to Trap Venting. - Some of the reasons why the 
back-airing of traps should be given up are as follows : 

1 Trap vent pipes increase the liability of the seal of S-traps 
being destroyed by evaporation. While an unvented non-siphon- 
inTU may hold its seal for about two months, a back-aired 
common S-trap loses it, according to experiments, m from four 

twelve days. , , i • j: 

2 The system of back-venting renders possible the making 
dangerous by-passes by the blundering of careless or incompetent 

mechanics. ^ 

The use of trap vent pipes increases the amount of piping 

■ and the number of pipe joints in a house, 

danger of leaks is greatly increased. In any case they cause greate 
complication without corresponding greater security. 

4. Incidentally, trap vent pipes increase the cost ° 
and the money paid for them to plumbers is spent quite i^seless y 
rcIlculatio„'uLd.r..ken by a careful 

the amount of piping is increased by 33 olumbing iob is 

of pipe joints by 66 per cent. The total cost of a plumbing job 

increased by at least 10 per cent and often even more. 

5. Back-air pipes are liable to stop up at the 
be^d of the trap from congealed grease or , 

In Cologne, Germany, aU back-air pipes which an investigating 
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committee had cut open were found choked with either KTcasc or 
coffee grounds or cobwebs. In St. Paul. Minn., an examination 
by a plumbing inspector showed that out of ;t tot;d of houses, 
12 houses had the vent pipes from kitchen sink traps completely 
stopped up by congealed grease and particU's of vegetable matter, 
or by lint from kitchen towels. Of the 1 1 others, only one house had 
a sink vent pipe which was perfectly cletir and unobstructed, and 
this was found to be duetto the fact tlmt hot water tunl lye were 
used once a month in the pipes. In 7 out of the 1 1 house's a soft 
slimy substance was found adhering to the interior of the vent pipes 
for two or three inches above the crown of the trap, ;uid in the 
other three the vents were partially stoppe<l up. 'Phe vent from 
the S-trap under the kitchen sink in my own house lias het'n found 
partially stopped up five times in ten years, and would doubtless 
have become entirely stopped u]) before tin' end of this period if I 
did not have it cleaned once a year. In northern latitudes, where 
soil and vent pipes above the roof may become closed by frost, 
traps will readily be siphoned under such conditions. 

6. The trap vent pipe, if placed mut'h below the trap seal, does 
not protect the pipe against self- siphon age or loss of st'al by mo- 
mentum. This is a point to which very little attention has been 
paid. 

7. Non-siphoning traps with more than the ordinary depth of 
seal are particularly desirable where the mouth of the soil jape 
and through it the seal of traps is exposed to the action of bois- 
terous winds, as for instance near the top of buildings, the winds 
causing an agitation in the trap water by which the ordintiry S-traj) 
loses its seal by degrees. 

Mr. Putman, a well-known architect of boston, who has given a 
great deal of attention to sanitary drainage, calls the trap vent law 
“one of the most unfortunate and burdensome building laws ever 
inflicted upon the people, and an imposition u[ion the public.” 

The late Colonel Waring stated that in his ju<igment “the seita- 
rate ventilation of traps, where the mtiin soil pip(' is at least four 
inches in diameter, and open at the top and bottom, is unneces- 
sary. . . . Continued experience and observation tt'ud mort' and 
more to confirm the opinion that the back- venting of traps, aside 
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from its great cost, does more harm than good, that is to say, that 
a trap is more likely to lose its seal if it is back-vented than if it 

is not.” , 

An English expert on drainage called “a diagram of house 

plumbing, protected by ventilation pipes as prescribed by^ most 
American authorities, a bewildering nightmare of complicated 
ingenuity ” (see Fig. 126), to which statement many advanced 

sanitarians will doubtless heartily assent. 

The fact is, S-traps with vents are perfectly safe only if the vent 
pipes are of sufficient area, if they are not of too great length, if 
there are no sudden bends and not too many of them, if they are 
free and unobstructed and if their fixtures are used every day. 
The conclusion is therefore inevitable that, as ordinarily arranged, 
vent pipes are “useless complications. 

Comparison of Methods.— A comparison between the two methods 
may be found in Chapter XII of my book “Sanitary Engineering 
of Buildings” N. Y. 1899. In my judgment the improved and 
simplified system shown in Fig. 127 and also in Fig. 214, Appen- 
dix B, is far superior to the one commonly required by rules 
and regulations. It is admitted by many who have taken up this 
question without prejudice or bias that the present tendency m 
plumbing work is towards an undue complication of the work, i 
would seem to me, therefore, that the points of superiority of the 
simpler systems should be emphasized at all proper opportunities 
and that a plea should be made for the revision of municipal 


plumbing regulations. _ u ^ 

To the health officers of those, towns or cities which are about to 

make plumbing regulations I suggest that the better way wou d be 
to make it optional with the architect or owner of a- budding 
whether he will choose the common or regular systern with doub^ 
piping and incur an unnecessary expense, or use the advanced, 
improved, simplified and safer method. 

One-pipe System and Non-siphoning Traps. - I am more than 
ever convinced that the one-pipe system, as I have sometimes called 
it, is the coming system and that within the next few years the ru es 
and regulations of our larger cities will be amended according y. 
In my judgment a plumbing regulation requiring the use of trap 



i88 


THE WATER SUPPLY, KKWI-'.KAUIC AND 


with anti-siphoning properties anti with a considerable depth of seal 
would tend to secure much safer and bettc^r work than tlu‘ majority 
of the present rules. For houses in snudU'r entit^s and in thriving 
rural communities I can, without the slightest ht'sitation, advise the 
adoption of the advanced plumbing system on acaannU of its greater 
simplicity, safety and economy, 

^ The following personal experience is here inserted as a case in 
point. 

Experiences of an Expert. — years ago tin* writer was called 

upon to prepare the plumbing plans anti spccilicalioiis for a new house 
which a client was erecting in tlu‘ suburbs tif Nt*w York. It was the 
intention of the owner to secure first- class wtu*k in tccry respect, and the 
plumbing was laid out with this objeti in view. I he writer had full 
charge of the work during its construction aiul superintcutletl it from the 
start to the finish. 

He entertained the conviction, even at that early iieriocl, that the 
“back-airing” of traps was an unnecessary recfuirement and tliat the 
plumbing system of a house could hv arrangeil in a ntnch safer, less 
complicated and incidentally less expensive manner, by omitting the 
back -airing from the crown of the traps and nsing instead niui siiihoning 
traps; by placing all the fixtures within a short distaner of a fully ven- 
tilated main soil pipe, and by using in the case of water eltasels fixtures 
of such type as to hold a large depth of seal. 

Some years later the owner desired to make an a<!clttimi to Ids |>lumb- 
ing work by m.stalling a new bath rotuu tm the third lloor. When 
the hou.se was erected the town had no plumbing ivgulations, and it 
was then a matter of much satisfaction tt» tlie writer to bo able to carry 
, out what he con.sidere(l then, and has eonsitleUMl o\‘er since, an advamrd 
system of plumbing. Condilion.s had stunewlial changed .dmc then. 
The town, which is situated in New Jerst’V, at a distanci' less than fifty 
miles from the New York C'ity Hull, had tccoine a city; a lioard of 
Health had been created, and among the duties of the lunartl was the 
inspection of all new plumbing as well as of adtiitions to exi.atng systems. 
The newly created city issued a .set of plumbing regulations modeled 
largely after those of New York, and the rules of tin- l>oard recpiiretl the 
filing of plans and the approval of the work, as shown tm them, before 
it could be carried out. 

The work for the new bath room was duly let to a responsible New 
York plumber, and the writer, fully de.sirous of complying with the 
regulations, sent a set of plans .showing the aildititm to the plumbing 
work to be filed at the office of the Boar<l of Health. Right here is 
where he met his fir^ experience. He .smut his assistant out on the train, 
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and when he came to the city he inquired for the office of 
Xalth to file these plans. He was told that there was no office at which 
plans could be filed, and that he would have to leave them either at the 
fouse of the secretary of the Board of Health (a veterinary surgeon) or 
ttahcse o/.he pl.mbing i.spec.or, who «a. a 

's as...». 

Board of Health secured that 

be filed at the secretary’s office. An inquiry at sain oi 

.go .Cretan «. .» •«>, >■“>- 

Ja'-; app,ow.. ^aa^O 

“‘r,.': s rr™°.h.‘ tzs). a. b..hwoo„ o. a. ^o.d 

:F£Si£-S=lss= 

■bo soil pipe, “f -l-Fl" 

- -- 1- rMicSrar.iS^:^. 
i:rrar,er rsip".; s ..o.»b - .pbo... 

b, di.ch.,8. from the »« »-““ » ^ denied, althougb no 

The application to pas, fb' f P ' „( Health and 

reasons whatever were given for the carried 

. its plumbing inspector ^bove the highest fixture, 

up from the slop-sink to _ annlication for the use of non-siphon- 
to terminate m the soil FP®’ , ^be third floor was also denied, 

lTtr:m^r:"r^p“ .blrd-hoor wat.r-a.aet was 

^ The entire work was, inspector^of said city in- 

the work was well under way, e P require a second 

r;1p^tVbrcriSu;ffi^a:k^^^^^^^^ 

n^inasrural^blth^ floor was tiled, and would have to 
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Fio. 129. Section of Hduse Showing Arrangement of Plumbing as Proposed 
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be cut in order to apply a vent pipe at the lead bend of said closet. The 
writer could not see any necessity whatever for such a proceeding, and 
this for a great many reasons, of which only two will be stated, namely; 

First. The two-inch vent pipe applied to the slop-sink on the secon 
floor, as a matter of fact, also vented the Dececo water-closet trap. 

Second. Not even in cities where the most rigid plumbing laws are 
carried out can a law be made retroactive so as to apply to work 
done many years ago, and particularly not so when said work has proved 
to be of the most efficient and safest character. 

The writer therefore instructed the contractor to disregard the require- 
ments of the plumbing inspector and not to touch the second-floor water- 
closet fixture. This, however, was not satisfactory to the 
Health and its inspector, and it was suggested by them to t e ^ 

an amicable settlement of the difficulty might be arrived at by submitting 
the question to a third party. . They named an inspector of ^ 
ing city where back-airing was earned out the same as in New 
and Boston. Naturally the writer objected to such a _choice_ of th 
third party as arbiter in this question, one of the reasons given being that 
the mL proposed was not an acknowledged expert or authority m these 
matters however good and efficient a plumbing inspector he might be. 

^ la? the writer suggested that he would be willing to have the ques- 

,0“ or by members of the to of Wtog, Chepmen & » 

bv Plumbing inspectors of a small town where the plumbing rules had 
blen framed so as to permit the use of non-siphoning traps in certain 
cases where back-airing seemed to be absolutely unnecessary. 

This counter-proposition of the writer, as might have been expected, 
a a so It accepted but a joint meeting was held at the house m ques- 
Z tf so hsppoto to 1 the opposifo sids of fh. boos, from whom 
the plumbing alteration was being executed there were two ^^‘h 
one on the second and one on the third floor, both 

the second-floor of Health and its plumbing 

rrr /St ~ “ 
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a repeated discharge of the new waler closet on the third lloor and the 
adjoining bath tub did nut pnuluee any siphouage in the seeoud-noor 
water-closet, even under the most adverse eoudition, namely, the soil-pipe 
mouth on the roof kept elo.sed during the te.t. 

The lesson of this case is uhviotis; it proves beyond a doubt that a 
good deal of the back-airing reipiiivd by plumhiny: inspectors, by Boards 
of Health or by Buihling Ilepartiuents is entirely unnecessary and a 
heavy drain on the pocketbook of huust> owuer.s. 


CHAPTER IV. 


plumbing in its relation to disease and MUNICIPAL 

CONTROL OF PLUMBING. 

Dangers of Defective Plumbing.— The professional and trade 
papers of the last twenty years have been so filled with accounts of 
the dangers of defective plumbing, the daily press has so many times 
called attention to the “deadly effects of sewer gas” and the cry 
has been so often raised, “ Look to your drains,” that we have become 
accustomed to think of the plumbing and drainage of houses as being 
the chief causes of many of the grave ills to which human beings 

^"Ret'enr Progress in General Sanitation.- Careful observers, 
however, know that a great many other conditions affect the wel- 
or ill-being of the human race. While it is doubtless true that a 
lower death rate may in some cases follow after improvements 
in the drainage and plumbing of habitations, it is impossible to tell 
iust how much of it is actually and solely due to higher standards 
in plumbing, for there have been in the past fifty years an enoimous 
advance and a steady progress in the general samtation of tmras 
and dwellings. This progress was slow at first, but it has been 
constantly going on, so that to-day the effects of improved sanitation 
are felt in every section of our country. Modern samtation, however, 
rmpriL much more than nrerely correct plumhmg mearods 
and efficient sewerage, for it includes also a better ™ 

supply, more efficient ventilation, better conditions of foods and 
clothilg, cleaner streets, improved methods of housing our popula- 
tions increased public bathing facilities for the poorer classes 
sanitation in school buildings and other public institutions, and 

Diseases.-It is conceded that mirmnahy 
defective house sewerage and plumbing work have, in ^o^^^an , 

been found to exist where cases of zymotic disease ^ 

the writer has encountered jn his professional practice a numb 

rnC 
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cases where such illness was proven beyoiul a aoubl lo have been 
caused by other factors. Some of thise eases recurred where 
the plumbing and drainage upon inspeeiion were found to be 
entirely in a safe condition; in other oum-s. tliough the inspection 
or the test did show some defects, tin- outbreak of an epidemic 
could be traced conclusively to other causes, liy personal observa- 
tions I have thus slowly and by degrees only acquired the conviction 
that a great deal of the sensational writing or talking on detective 
plumbing or drainage is ill advised, imleett that it is apt to mis- 
lead the layman and the general public. In my judg.ment a great 
deal of harm has been done in the past by unsidtstantiated reports 
on the alleged effects of btid drainagi- or bad plumbing. 

Sewer Gas Theory not Upheld by Sanitarians. - If space per- 
mitted, I would quote at length the opiitions and views of some 
of the best medical observers of (’.ermany and other countries, 
whose conclusion is that there is no positive proof of any direct 
connection between bad drainage or bad plumbing and diseases such 
as diphtheria, cholera, etc. From a mass of pr»)fessional testimony 
on record I shall quote only a few important points. ^ 

The modern German siutitarians arc neutK umtid in being 
opposed to the so-called “sewer g:is theory’ ; they claim tliat the 
researches of von Pettenkofer, of Pasteur, of Dr. Koch and others 
have established almost beyond a doubt the laet that every infectious 
or zymotic disease requires the preseiu'c of a speeihe mi<To organism 
or pathogenic bacterium to cause it, :iud tlsat the gases of initre- 
faction per se cannot cause the disease. Moreover, it is claimed 
that pathogenic bacteria, cast off from disi-ased persojis {either 
with the faeces, urine, the sputa or skiu partit les in nl)hidous) do 
not find in the house drains and street sewers conditions fav(irablc 
to their growth. As a rule, owing to absi-ma* of osygen, or owing to 
the existence of non-])athogenic b:u'teria the germs of disease arc 
crowded out, as it were, and die, while the ti-w which may sutvivc 
are said to lose their jTOwer ft>r harm. In the sewers they attack 
themselves to the damp sides of their interior and rise hut seldom 
or not all at, into the air. I'liis may al- ti be an explanation wh) 
the bacteriological examinatiotis of the air of sewers show that i 
contains comparatively few btuderia. Germatt sanitarians accord 
ingly argue that sewer air per se does hot cause specific diseases. 
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This view about the harmlessness of sewer air has been held 
abroad for some years, and I have myself inclined to it for some 
time and it has quite recently been confirmed by the results o 
experiments made by Prof. C.-E. A. Winslow, of the Massachu- 
setts Institute of Technology, in Boston. _ 

Prof. A. Jacobi, a very high authority of New York City, m a 
paper on “The Production of Diseases by Sewer Air,” comes to 
the conclusion that “foul air and sewer gas do not create diphtheria, 
but they do create such a condition of general ill-health as to afford 
the diphtheritic virus a ready resting-place.” He argues ^at 
“there is no connection (in New York City) between diphtheria 
and sewer air in any shape or form,” and cites the experience of the 
New York Health Department that “both diphtheria and typhoid 
have occurred where plumbing was perfect, and were often no 

found, whicrc it wo-s defective. it 

On the other hand, I have always held the view, nnd believe 
now, that no matter whether any connection between bad drainage 
and disease exists or not, it is absolutely essential that the drama 
and plumbing work of habitations should be comciZy arranged. 

If thLe is one method of doing a thing right ^^d another one by 
which it is done less well, the right method only should be chosem 
Why Drainage and Plumbing should be Correctly Arranged. 

We require correctly planned drainage and 
ments for several important reasons, viz. : we mus pre 
of soil pipes and drains from becoming putrid; we must also^p^^^ 
vent ally escape of noxious air into the interior of ^ house all 
foul smells are unpleasant and if inhaled for any length of tim 
they may have a deteriorating influence upon health. Accumula- 
tions or escapes of foul gases cause general 

or sore throats; they also reduce vitality znd pred^s pose to stekness 

and so assist indirectly in the dissemmaHon 

The air of modern street sewers is always much diluted, and even 
the house pipes are nowadays so well ventilated that no great 
ioVol gases can eaist in then, 
becomes very much reduced where good planning, cons 

maJenance of street sewers and house drains are enforced. 
Bv following the essential requirements of good drainage, viz., 
good construction, ventilation, flushing, tightness o ]om s, sa 
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trapping, etc., we diminish greatly the eliaiiee of any harm arising 
from sewer air. 

Plumbing Rules and Regulations. - ■ In iho past, eorrial principles 
of house drainage have not often been followed, an<l even twenty- 
five years ago the plumbing in houses was done in so crude and 
unscientific a manner that it ln'catne neeessari' to subject this work 
of the craftsman to official rules, regulations or ordinances and to the 
inspection of special municipal ofticcrs called plumbing inspectors. 

Municipal Inspection of Plumbing. In the I'nited Slates the 
municipal inspection of plumbing work was instituted about the 
year 1881, and among the first large cities to have an ollicial in- 
spection system were Washington, New York and Boston, 'riierc are 
now a great many other cities, large as well us small, which have 
followed in this matter. In all instances the plumbing rules were 
made a part of the health ordinances, and out of the various municipal 
departments it was the Department of Health which was intrusted 
with the carrying out of tliese rules attd with the ins])ec'tkm of all 
new plumbing work. Later on, in some of ilu’se cities, notably 
in New York and Brooklyn, and 1 belkwe also in Boston, the 
plumbing inspection was transferred from the Health to the Building 
Department. 

Should the Health or the Building Department Control the Plumb- 
ing and Drainage? — The (piestion here arises: To whieli of the 
municipal departments should this subjeet be assigned? One of 
the reasons why in New York Oity the tiling, of plumbing ]>lans 
and specifications and the plumbing iiispcOion were transferred 
from the Health to the Building Ih-pariment was that, inasmuch 
as the Building Department hud control over the iTeetinu of buikiings, 
it should also have control over the plumbing work in them; that, 
inasmuch as the architects or builders li:id to lile jdans for con- 
struction, their work woukl be simplified and the labor of the 
municipal officers reduced if the system of plumbing was shown 
on the construction plans. 

This argument, however, soon proved itself to be fallacious, 
for in practice one plan, to cover not only all the points of construc- 
tion but also the plumbing, proved to be tumpiii ulcd as to be a 
greater burden to the examining inspector, as well as a source of 
more trouble to the architect who had to prepare it. 
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There seems to me to be no more reason for placing the plumbing 
of a building under control of a Building Department than to sub- 
ject other matters of interior construction to such a control, for 
instance, the steam and ventilating work, the gas-piping and the 
electric-wiring work. If defective plumbing work may cause ill- 
health or disease, then it would seem to me that the Department 
of Health is the proper body under whose control this subject should 

be placed. . 

Plumbing under Jurisdiction of the Health Department. It is 

therefore my judgment that wherever cities or towns adopt a system 
of official plumbing inspection — and I am_ a firm believer in the 
advantages derivable from such a system — it should be the Hea , 
and not the Building, Department under whose control the plumb- 
ing' and drainage should be; but if for some reason or other this 
cannot be done, then I should be in favor of placing the plumb- 
ing and drainage of houses under the control either of the ci y 
engineer in small towns, or of the Municipal Department in 
charge of the construction or maintenance of the city sewerage 


^Dr. Charles V. Chapin, Superintendent of Health of Providence, 
R. I. in his book “Municipal Sanitation in the United States 
gives \he following list of cities, in which plumbing is controlled y 
municipal departments other than the Board of Health. 


In New York City, 

In Boston, 

In Milwaukee, 

In Cambridge, 

In Cincinnati, 

In St. Louis, 

In Somerville, Mass., . . 

In Butte, Mont-, 

In Newton, Mass., . - • • 

In New London, 

In Erie, Pa., 

In Providence, B. • • 

In Omaha, 

In Pawtucket, 

In Memphis, 

In Columbus, O., 

In Minneapolis, Minn., 


Department of Buildings. 

.Department of Buildings. 

.City Engineer’s Department. 
.Superintendent of Buildings. 

.Inspector of Buildings. 

.Board of Public Improvements. 
.Inspector of Buildings. 

.Inspector of Buildings. 

.Inspector of Buildings. 

.Board of Sewer Commissioners. 
.Water Department. 

.Independent Department, 

, .Independent Department. 
.Independent Department. 
Independent Department. 

' .Department of Public Improvements. 
. .Building Department. 
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Bureaus of Plumbing Inspection. - LH us assume, then, that it 
is agreed that the official inspccticm of i.lumhiivg and drainage of 
buildings is desirable in order to prevent ha.l work and its possible 
ill results, and let us take it for granted, furtluT, tliat it should be 
placed under the supervision of iheoltieials of the Health Depart- 
ment When such department deems it necessary or <lesirable to 
have "official plumbing regulations, it should proceed on a business 
basis, it should establish a regular office or bureau of plumbing 
and should place it in charge of salaried officials. 1 f, for any reason, 
the municipal budget should be unable to make_ the proper and 
necessary allowance for the employment of examining clerks and 
plumbing inspectors, then it would be better not to have any 
system of municipal inspection. 

I know of a large city of atout loo.csoo iiihahilunts, jiot many miles [n)m 
New York, which has a plumbing department and alsu phnuliing ins]H‘etum, 
and the two duly appointed plumliing insju-elors are IkhU master plumbers 
doing a thriving business in their town, an.l the plumbing work which Mr. 
Brown does isoffidally inspected and his plans approved by liiseolleague Mr. 
Smith, and vice versa. That would hardly seem to be a fair metliod of .secur- 
ing good results, particularly if Mr. Brown <uid Mr Smith hap]H'n to be on 
good terms and intent upon keeping all oui.sitlers away. In another subur- 
ban community in the State of New Jersey wbieli recently beiame ituorpir- 
ated as a city, the Board of Health i.s.sHe(l plumliing rules and repnired the 
fil in g of plumbing plans, but no olllce was provided for to n-eeive .such plans, 
and the plumbing insitector was a jonrneymiut pluml«-r, oeeupied iluring 
most of his time on work of .some local firm. 

Plumbing Inspectors. — All hctillh oflicers in ehtirge of jtlunibing 
regulations or plumbing inspections should have :i thorough practical 
knowledge of the subject. The plumbing inspectors tippoiidctl by 
them and working under their direction slimild be wt-ll iiualihcd 
for their position; they should be retiuintd to lU'ovc tUctr <[u:ililica- 
tion by an examination in sanitary science, and also show their 
fitness for the practical part of the work. Fitness for the discharge 
of the duties of the office should be the only guide in such appoint- 
ments and not political motives or “pidl," or the affiliation of such 
persons with the ruling political power or party. The inspectors 
should be subject to civil-service examination and civil service rules, 
and their appointment should continue during f'ood behavior. 
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They should not be subject to removal when another political 
party comes into power. 

I freely confess that I have never been in sympathy f 

raXteli^LTblng t s^ f "'"good M tL^bhc, ^o^the ta. 

to impair the efficiency of a well-organized Health Departm . 

Plumbing Regulations.- During the past ten years I have col- 
JS rd fried a large number of official plumbing rffies and 
regulations from cities and towns m all parts of '^I’have 

tz ::,:srr;:Lr.rjvi.d ^ o.... »„ .e 

different eections composing ^est mles cmne 

It hes been nry d-wn np 

'r T/d~mdy “r— ^ 

ES3SS£SSSr=£ 

SSSS;S.|=^H= 

Plumbing ru es definite and should not leave 

“ 'ftdouras towhat its intention is. It would seem to me 

room_ for doubt as to ^ comprehensive 

that m the case of the s • • i invpi^tiffation would answer 

ruLi: btrtbirryT.irru *0 . some 
"wbnrt'r'f "e rr; 

ment may be, it seems to plumbing 

to allow of arbitrary interpretation P 

inspectors, as is so frequently the case. 
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Defects in Plumbing Regulations.— I liavi- already had occasion 
to state that, in my judgment, even the most elaborate of plumbing 
rules are bpen to criticism in many rcsinrts. It seems apiiropriate 
to point out in this chapter at least few of the luUs whith, to nay 
way of thinking, contain dispute<l matters. 

Main House Trap.— There is, first, the tpiestion whellu-r or not 
the main house sewer should have a trap near the front wall of the 
house. It must be conceded that where the house pijies are known 
to be absolutely tight and are provided with pleitty (»f ventilation 
to the roof, it would be better to omit the train 'Fliis secures at 
least two advantages, namely, it does away with the tendency to 
stoppage in the trap tind it also olTers the best possible solution 
of the difficult problem of how to ventilate the street sewer. It 
is of course necessary that the latter should be well planned, well 
constructed, well flushed and well ctired for. 

When a trap is used on a house sewer — .and it clues seem to be 
necessary in the case of foul street sewers or in the case of connec- 
tions with cesspools— it becomes necessary to provide a fresh- 
air pipe, which should enter the house sewaa- above* the main trap 
and which is intended to establish a eireulatiou of air tiirmighout 
the entire house pipe system. 'I'he diiruailly with the fresh-air 
inlet lies in choosing a proper location for it. Tliis clilbculty exists 
only in cases of city buildings, for in country towns and villages, 
and for isolated country houses, it is comparatively easy to select 
and provide a secluded place for the fresh air inlet at a sufficient 
distance from the house. In our cities we luive for years been 
struggling with a sort of brick pit or basin placed near the curb, 
covered with grating in which the fresh-air pipe terminated (see 
Fig. 200, Chapter I). Practical e.xperience <lemonstrated the utter 
failure of this device, and we have by no me.ans found an efiieieni sub- 
stitute for it. In New York City, for instance, evi-ry house owner, 
who builds or alters a house, was for .some lime t ompelle<l by the 
Building Department to use a new patented <le\ iee which was not 
only very expensive but quite worthless. 

Types of Water-closets Approved.— Regarding the types of 
water-closets which are permissible in building.s, I am Ijv no means 
in entire accord with the plumbing regulations of most cities. In 
New York, for instance, enameled iron water-closets are absolutely 
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prohibited by the rules, and yet I cannot imagine of anything better, 
stronger or more adapted for factories, stables, railroad stations, 
schools, insane asylums, etc., than a good, well-made iron flushing- 
rim or siphon-jet closet, in which the entire inside is well covered 
with porcelain white enamel. 

Again, these rules prohibit the use of the so-called “long flushing- 
rim hoppers,” except in situations where a closet bowl holding 
water would be exposed to freezing. As a matter of fact I have 
had under personal observation for a great many years one of the 
best types of long flushing-rim hoppers, and I must frankly say 
that, notwithstanding the fact that it lacks the advantage of a large 
volume of water in the bowl, it is to my mind one of the lest closets 
of the present day. Of course it should be well used and it should 

have a well-regulated and plentiful flush. 

Use of Automatic Flush Tanks.— The rules of many cities prohibit 
the use of automatic flushing-cisterns for urinals and require in- 
stead a flushing-tank with a chain-and-pull device. We all know 
the great carelessness exhibited in the use of such fixtures and the 
negligence of the general public in flushing them after use, where 
the fixture is provided with a stop cock and a water-supply pipe. 
While the rule appears to be proper in cases where it is desired to 
limit the use of water or to stop reckless waste, I cannot see why 
an owner of an office building, for instance, who puts in a water 
meter on his service and is willing to pay the water bill in full, no 
matter how large it may be, can be lawfully prevented from using 


such automatic flushing-tanks. . 

Trapping of Fixtures.— Nearly all rules call for a separate trap 
under each plumbing fixture, to be placed as close to the outlet of 
the fixture as possible, and yet in the case of a set of three or inere 
washtubs Building Departments have been known to object to a 
layout of the plumbing in which each of the tubs had a separa 
trap, which according to my experience is the best possible arrange- 
ment of such work. , - u 

Again, in the bathrooms of private houses, where there is a shower 

or needle bath alongside of the wash basin and no bath ffib in the 
room, which certainly can mean but one thing, and that is that the 
occupant of said house or bathroom intends using the shower bath 
instead of a bath tub probably as frequently as if he had a tub. 





plans with such arrangement of lixtures u'jtctcd by the 

Municipal Building Department of New \ ork Uty, because each 
of the fixtures, namely the basin and the shower bath, had a sepa- 
rate trap Instead of this arrangement the <lepartment required 
that the waste from the basin be run into the trap of the shower 
bath “in order to keep it supplied with water" yet l.y so doing a 
channel or waste pipe, sometimes 8 or lo feet in length and lined 
with slimy waste matters, was left untrapped and in lull connection 


with the air of the room. 

Use of Wrought-iron Hpe for Soil and Waste Pipe. -Where the 
rules permit the use of wrought iron for soil and waste pipes, they 
require such pipe to be galvanized and excUuU- the use of asphalted 
wrought-iron pipe, whereas, as a matter of fact, the asphalted pipe 
is much smoother on the inside than the common galvanized jiipe; 
and asphalting, properly done, is probably a better protection against 
rust than the common method of galvanizing. I have seen some 
rules which permit the horizontal iiortion of the house drain to be 
asphalted wrought-iron pipe, but insist upon the soil pipes being 
galvanized. It would be interesting to know the why and wherefore 


of such rules. 

Again, where wrought-iron screw-jointed syslimis are iiermittcd, 
the rules require recessed drainage fittings for the soil and waste pipes, 
but permit the use of ordinary steam fittings for the vent pipes. It 
must be evident that, if the recessed fitting has any value at all, 
it is just as desirable to use it for the vent jiipus Jind particularly 

for the horizontal runs of the same. 

Separate Connection of Houses with Street Sewer.— 'I'lie rules of 
most cities call for every building to have its sewer connection 
directly in front of the building. 1 well renremher a ease of this 
kind where there was no sewer in the avenue in front of the building, 
but in a private alley in the rear a private sewer had been laid by the 
owners abutting on said alley. When 1 fiU‘<l my itlans in the 
department showing the house sewer to run to the rear to said 
private sewer, instead of to the front, wlu're there was no sewer, 
my plans were promptly disapproval, and it ri'quired several 
hours’ arguing, on different days, to convince the head of the 
department that the sewer connection in the rear was just as piod 
. and certainly just as permissible as the plan n-quiring the additional 
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outlay of money, to which he wanted to subject the owner of the 
property by compelling him to build a private sewer in front of the 

house. _ , . , 

IncUnation of House Drains and Waste Pipes.— Other points 

in plumbing rules, which were well meant when they were drawn, 
have been unfortunately misunderstood and misinterpreted. 
for instance, the rule requiring that every house sewer should be laid 
with an inclination of at least 4 " to the foot. This rule was intended 
to establish a minimum fall, and it is quite obvious to anyone who 
has at all studied hydraulics, that the smaller the diameter of the 
pipe the greater its inclination should be; yet by common consen 
Sie majority of mechanics call this “4" to the foo^’ the standard 
fall simply because it is the minimum fall allowed by the depart- 
ment, and I have in my work the greatest difficulty m securing the 
laying of the pipes at a larger fall where I think this would be de- 
sirable, the mechanics contending that the pipes have een ai 

Crown of the Trap.- The rule which we 
find in nearly every plumbing regulation, requiririg the ^ack-^ 
of nines namely, that “branch vent pipes should be connected as 
near to ’the crown of the trap as possible,” is one which it would 
L well to omit entirely in the future, for it 

case of earthen water-closets and earthen slop-sinks. Simila y 
in the case of basin and sink traps it is very seldom nowadays 
that one finds the branch vent applied to the crown o e p, 
one reason being that this would require a coupling or was 
oTnt rSie baL-vent connection, which experience has shown 
to be unsafe Therefore screw connections are prescribe y e 
ulL rnT while this manner of connection is all right, it does away 
wt ’thfbranch-venting of the crown of the trap, and substitu 
for it the better system of continuous wastes and vents. 

the above-quoted rule should be abolished. 

Pipes above «.e Soof.-The mtersection of thelme 

Of vent stacks into the adjoining soil or waste p.pe “ 

fixture is now permitted by the majority of rules, and m N 
Srthe oX exception is “where there are fixtures on more than 
• ” The reason for this exception is somewhat obscure, 

and rwould be decidedly more advantageous to carry all vent 
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pipes separately through the roof, even if tliis shouUl re<tuire ad- 
ditional holes to be cut through the nuvf. Wherever tlu- pipes are 
so arranged, it is possible to make a sueeessful peppermint test by 
pouring the peppermint into the soil or wtiste line; Imt, where the 
vent intersects the other line below the roof, the pepiiennint test 
is in many cases a delusion and a snare, because some of the oil 
may follow through the vent into the bend of the trap and thus 
the odor of the oil may come out into the room, apparently indicat- 
ing a leak when really there is none. 

Disconnected Plumbing System.-—! have on some occasions 
found it necessary to disconnect certain lixtures, for inslanct‘, wash 
basins in the center of a house or in sleeping apartments, or else 
sinks in operating-rooms of hospitals, from the soil or waste-pipe 
system of the house. Where such disconnection is properly ar- 
ranged, it forms, in my judgment, a perfectly safe and sanitary 
system, yet it seems almost impossible to get systems so arranged 
passed under the present rules of many deptirtments. 

Open Plumbing Work.— An instanei' of how even a good rule 
may fail to work properly is the following: All {.lumhing regulations 
at present call for entirely open plumbing work, and ftsr the tenement 
houses in particular the retpurement is made in New York City 
that sinks “shall be left entirely open and the waste pipe ami trap 
of said sinks are required to he of h'tul." Now 1 am assuredly, as 
much as anybody, in favor of open plumbing work, having advo- 
cated its introduction twenty-five years ago, but in the casi' of 
tenement houses this rule is, from a jiractical iHiinl of view, a great 
mistake. The tenants of such <[uarters have at best a very limited 
space available, and it is natural for thmn to use every inch of spiwe, 
even under the kitchen sink or washtub. 'I’liey will More the coal 
scuttle or pails under the sink, and in a very short time the lead 
waste and lead trap are found dented or knocked flat, ami the stop- 
page of the waste is the inevitable result, 'rherehire, if the plumb- 
ing must be open, the rule should call for either brass or iron trajis 
and waste pipes, and it should prohibit the use of lead pipes and 
traps. 

Testing of Plumbing Work. — 'I'he testing of plumbing work 
has been one of the chief means of improving, the character of such 
work. I cannot lay too much stress upon the importance of having 
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the entire work, which is made subject to Health Department 
supervision, inspected and tested at the various stages of the work. 
Such inspection and test should be carried out with great thorough- 
ness and faithfulness. One cannot be too particular about the 
testing of the work. The plumbing rules should state, in a direct 
and positive manner, how many and what tests the department 
requires. The kind of test should in no case be left optional 
with the plumbing inspector. 

.Water-presstxre Test. — For the drain-, soil-, waste- and vent-pipe 
system, including the branches to the fixtures, there is no^ better 
test than the hydrostatic-pressure test, which consists in filling the 
pipes with water; and this test is certainly much superior and better 
adapted to new plumbing work in course of construction than, for 
instance, the air-pressure test. The only time at which such a water- 
pressure test may not be practicable is during freezing weather, 
and the plumbing rules should distinctly state that only in such 
instances the plumbing inspector may require the substitution 
of an air-pressure test. 

Smoke Test.— In the same way it is acknowledged to-day by 
experts that the smoke test is the best available test for newly 
completed work, as well as for old work in buildings to be inspected, 
and that it is superior in many respects to the peppermint test. 
It is weU known that the peppermint test, unless applied with a 
great deal of care and with a thorough understanding of the lay- 
out of the plumbing system in a building, is apt to be misleading 
or to give entirely erroneous indications. In fact, in the hands of 
careless or unscrupulous workmen such a* test is a very dangerous 

In view of these facts I cannot approve of any plumbing rule or 
ordinance requiring that the final test to be applied to the work may 
be either the smoke test or the peppermint test, at the option of 
the inspector. A case recently happened in my own practice where 
I had inserted in my specification the requirement of a smo e 
test at the completion of the work. In this case the official plumb- 
ing rules had been worded so as to make it optional with the 
plumbing inspector which test shodd be wlM- He accordingly 
refused to witness the smoke test, stating arbitratay that he preferred 
to have a peppermint test applied. 
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B.nete Resulting tf the PubUe from Plumbing InsjecSom- 
„ has shown Unit the mspeehon of plumbing 

Expenen ulVu ials Rreatly reduces the 

r r™pea 

ToS poor matorUils, ami rrimhml uorkn.aosh,,. Tho hones, 
S lUnlions workmen as well as ,he puhhe are .la-rehy bene- 
fted If the praelical work ilone by elheien, Hen h ...arils were 
tetter understood by the pubHe at large, would also be more 

"'’units appreciation or approval eao as ye, hardly l.e espested, 
for in every clmunity, wheiher in ei.ies or m ,he eomuri persons 
lor lu to j _ .,,1 ti„t criiirts nuttU- bv llio lu'uUh olhcials 

to improve the sanitary condition of iiabitalions. Itut venture 
to Tsert that a greater degree of appreciation of their laliurs will, 

in the course of time, be shown by llie public wherevm health oiliters 

and plumbing inspectors perform their work in an lionesl. fearless 
and efficient manner. 


CHAPTER V. 

DOMESTIC WATER SUPPLY. 



The Uses of Water.— Next to an ample provision of uncontami- 
nated air for breathing, nothing is so essential to human life as a 
supply of pure and wholesome water. 

Cleanliness, comfort and health in a house depend, to a^ large 
extent, upon water being available in an ample supply for imme- 
diate use. Much trouble and constant labor is involved in houses 
where the water supply, coming from cisterns or wells, must be 
lifted by hand, by means of buckets or hand pumps. ^ There is 
always a tendency, under such conditions, to use as little water 
as possible, to the great detriment of personal comfort a,nd health. 

A public supply, introducing pure water into habitations under 
pressure, must be looked upon not merely as a great convenience, 
but as a powerful aid in preventing disease. With regard to the 
plumbing fixtures in particular, a large quantity of water, always 
available, is a necessity in order to keep the fixtures, traps and 
waste pipes well flushed and clean, and to maintain the water-seal 
in traps, so as to effectually exclude any noxious air that may be 


contained in the waste pipes. 

A good plumbing system, efficient sewerage, and a copmus 
supply of water are the three essential requirements for dwelling 
which should always go together;^ in fact, without the one, the 

others are always incomplete and will result in failure. 

Ouahty of the Water.- To be fit for use in the household, water 
should be uncontaminated, and free from the grosser or suspended 
impurities, and from organic contamination. Impure water is 
frequently the cause of disease. Chemically pure water does not 
exii in Nature, and all water, whether derived from springs, weUs, 
rivers, or lakes, or from rain-water cisterns, contains foreign e e- 
ments, some in suspension, others in solution, some 
inorganic. The organic substances may be either of vegetable 
or of animal origin. Besides these, water contains minute forms 
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of olant life and bacteria, so small that they may only he recognized 
through a powerful microscope. 'I'he inorgame nuittcTs m solution 
may be iron, lime, magnesia, chloride ol sodium, sulphates and 
carbonates of lime or magnesia, and sometimes lea<l and zme; those 
in suspension comprise finely divuled clay, tme sand ami gravel, 

and iron rust. r • , 

A good water should contain only a small nuantity of mineral 
matter and should be of moderate har<lni*ss. wliile organic matter 
in it is’ always objectionable. Water shouhl he clear ami tree from 
turbidity; it should not be iliscolored, nor should it have any 
objectionable taste or odor; lastly, it should be moderately cool 
Where the water is supidied from a municipal or private water- 
works system, the individual householder has, of course, no control 
over the quality of the water, but, in cases where the water supplied 
is impure, much may be done_ by the individual to imi>rove the 
supply by means of household filtration. 

^lantity of Water Required. -The quantity of water consumed 
in a household in twenty-four hours depends not only upon the num- 
ber of its inhabitants, but also upon the size and character of the 
house, the number of plumbing fi.xtures, the size and extent of the 
grounds, the number of horses and carriages, of domestic animals, 
cattle, etc., and also upon the system of supiily (whether constant, 
intermittent, unlimited or metered). Kstiiuates of the number of 
gallons to be allowed or supjilieil daily per capita vary greatly, 
but a safe average allowance tor the consumption of water in 
American city dwellings is 50 gallons per head ol^ population. 
The actual daily consumption varies not otdy on dilferent week 
days, but also at the different seasons of the year, and reaches two 
maxima, one in extremely hot summer weather, the other in very 
cold weather, when much of the ordinary liadly eon>lr\icted plumb- 
ing work is liable to freeze unless water is allowed to run at some 
of the faucets. The waste involved thereby is very large, and in 
some of the principal cities it is almt)sl as large as thi* legitimate 

use of water. (See Chapter VL) 

Pressure under which Water is Supplied*--''* I he pressure under 

which water is delivered into dwellings varies in many cities and in 
different sections of the same city, being in some places as low as 
10 pounds, while the maximum pressure may reach yo or 100 pound-s. 
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A very low pressure is undesirable, as it leaves the upper floors of 
buildings without water; a very high pressure, on the other hand, 
may become objectionable by reason of shocks or water hammer 
in the pipes, which cause the quick wearing-out of pipes, fittings 
and faucets. 

An average satisfactory pressure ranges from 25 to 40 pounds 
per square inch; this is sufficient to supply a 3- or 4-story dwelling. 

A higher pressure, viz., from 45 to 60 pounds, is required, not so 
much for the plumbing fixtures as it is desirable for protection 
against fire. 

Where the pressure is low or where it fluctuates at different 
hours of the day and night, house tanks must be used. These 
tanks are either supplied from the main, in those cases where the 
pressure becomes stronger at night, or else they must be filled by 
means of domestic pumps. 

Chief Modes of Supply: Constant, Intermittent and Metered 
Systems.— Various systems are in use for supplying houses with 
water. In the intermittent system the supply is furnished only 
during certain hours daily, and it is shut off at the water works dur- 
ing the remainder of each day. This system is, obviously, both im- 
perfect and undesirable, for it necessitates the use of large storage 
tanks in houses. It also compels the householder to draw the drink- 
ing-water supply from storage tanks; this is objectionable, as the 
water stagnates in the tanks more or less, becomes warmed, and 
quite often polluted by dust, vapors, sewer air, chimney gases or 
other agencies. For all these reasons the intermittent system has 
never found favor in the United States, but in many cities of England 
(in London, for instance) it is still in force. 

The other system is the constant system, in which the street 
mains remain filled and under pressure all the time. While this 
may cause the items of leakage and of waste to become much la,rger, 
it is, from a sanitary point of view, far ahead of the intermittent 

Under the constant system, there are again to be distinguished 
various modes, in which the water may be delivered or sold to the 
consumer; in one case the supply is unlimited, in the other the 
supply is measured by water meters, placed on the mam service 
where this enters a house. Where houses enjoy an unlimited sup- 
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d, the water tat. is fitted hv the Irontaff •'/ •'>- '-S’ «>« 

'uiber ot stories and by the namher ol Ittt.ures, 

T the metered system a tvalet nte.er .he house se, tree 
records the exact quantity consumed ..er day, ami a .x.d i, tie of 
charge for each too fiallons of water ,u,ssu,k tluoush the meter 
(wMher used or wasted) is a,.,,li.ai. As a rule the supply to 
relling houses is unlimited, whereas ulhee and other eumtneretal 
blildin s, hotels, institutions ami laeh.rtes hare a u.etere,! s„p,.ly. 
Some lies, however, form an exeepttun havtus ,, early all house 
slnces melcred. the result beins, tut mtqht he expeetetl, a eottsuler- 

able reduction in the avetage per capita ronsumpttim. ^ 

Street-pressure and Tank-pressure Syetems m Houses. Iherc 
are broadly speaking, two ililTercnt ineliuuls i.y whiclt llie hslans 
of ’. house lay be supfilied wflli water front the street mams, 
namely, the direct-pressure system ami the taith p.essure sts em. 

In the first or direct system, wltieh is shown in iltugratn, fog. i.li.a 

mtunhouse-service pipe is branchetl ..IT rr..m the street matn earned 

through the cellar, and thence vertically upward lltimigli the house 
to the highest floor on which it is desired lo draw waler, branches 
being taken from this rising main whenwer reqtiiml to suiiply the 
kitchen sink, the laundry lulls, tile lioiler, llie bowls, liath tubs, 
and water-closet cisterns. 

In the second or indirect system, illustrated m <hagram. 132. 
nearly all the plumbing fixtures in the lunist- are suj.phed from a 
tank located at the top of the building, the .listnbutton tank being 
often the only fixture supplied directly from ilie street pressure 
by the rising main through a ball eoek, which shuts oil the supp y 

when the tank becomes filled. . 

It is always preferable to draw wafer fur drinking and (‘ookmg 
purposes, at the pantry ami kitchen sinks, from tin- .hreet supply 
pipe and not from the house tank, in order to obtain pure tn-sh water, 
rendered free from any suspicion of contamination I.y stagnating 
more or less in the house tank, 'rherefore, we find in many dwell- 
ings a combination of the two systems. 

Advantages of the Tank-pressure System, - 'rite second or tank 
system, although more expensive, because it rciuires more inping, 
has advantages over a direct supply, especially w hcie the prtssure in 
the mains is very high, causing a (ptick wearing-otil of the faucets 
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Section Showing Water Supply of House from Street Pressure. 
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and pipes. It is also much to be preferred in those cities where 
water is pumped directly into the street mains, on what is called 
the “Holly” system. A special feature of the “Holly” system is 
that, in case of a fire, the pressure in the mains is suddenly muc 
increased, sufficiently so to throw streams of water from the hydrants 
to the top of very high buildings. It will be readily understood 
that such a severe strain brought suddenly upon the pipes, fauce s, 
and the kitchen boiler of a house will often cause them to burst 
or leak and will always tend to wear them out in a short time. 

A further advantage of a tank supply lies in the fact that in case of 
the supply being cut off for a portion of the day, for repairs or 
owing to an accident to the street mains, all the fixtures wiU be sup- 
plied from the tank. There will be no annoyance owing to the 
-closets reoteining for hours, or even a whole day.w^ou^^ 
flush, nor will there be danger of the boiler collapsing. A tank also 
renders a house independent of the fluctuations of pressure so 
quently occurring in street mains, which often cause he up^er 
Lors of houses to be without water. Other advantages of the tank- 
Sy sy^steru. relating to the safety of the boiler 
coUapsing. will be referred to more m detail m describing 

"TtaiS^'smply is also necessary wherever the house is supplied 
with water from a well or cistern by means of a lift and force pump, 
r sore owes the pressure in the street mains is reducwl owing 

both to the large consumption and the ‘““S 

to such an extent as to permit the water to rise only to the _ 

rrT of a house. In this case, too. a tanh is required in the 

nttir to supply the fixtures on the upper floors. 

House Tanks for Storage of Water.- Storage tanks for wrte^ 
.idler sunoUed from the street main under pressure, or else 

They are filled hy pumping, f 

r r-erTcr .rr s 

I's “r^kMo ^e roolruporsimply as a distributmg, 
I storage-re^oir. In fact, the smaller the tank is 
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made the oftener will its contents be renewed, and lienee tlio water 
will not be so apt to accptire a bad taste, uwin- to sta-ualion and 
lack of aeration. Tanks of larger eai-aeity are re.iuired where 
the water must be lifted l)y pumi>s, or where tlie tank fills only 
during the night. 

In all houses having house tanks it is desirahli- to have some 
faucets, generally those located on the lower lloors tkitehen, pantry, 



I 


Fio» .133, View of 4i llouiw TaoK* 

and the sillcocks) , supplied directly from the main. At t liese faucets 
the water for drinking and cooking purposes shoukl be drawn. 

The tank is placed in the attic (Fig. i.kl) f-"’ easily accessible 
position, and in a room well protected in winter time agyiins! frost, 
or else it is placed on the roof, in wlucli case a sperial tank or pent- 
house is sometimes provided. Tanks are made i-ilher of strong 
two-inch boards or planks, or else of narrow ‘i" '■< strips, placed 
one above the other, and dovetailed at the eorrn-r. 'I'hey are then 
lined on the inside by the plumber with tinned slieet copper, w'cigh- 
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ing 16 ounces, or i pound, per square foot. In the 
houses tanks are often lined with sheet lead. But lead is read ly 
attacked and dissolved by some waters, therefore it is much better 
not to run any risk, and rather to pay the small difference in extra 

exnense for a good tinned-copper lining. _ 

Cf tanks' are often constructed of cypress or white-^e 
staves doweled together and held by stout hoops. In arger 
ings 4ater tanks are often made of iron, either of boiler-iron plates 
tightly riveted together, or else of cast-iron sectional Pl^^es 
together with bolts and cement at the joints. Plain iron tanks soon 
Sclr tie water, owing to the rusting of the iron, and it is therefore 
necessary to protect the Surface of the iron, which may be done y 
“g^met^^^^^^ paints, or else by treating the iron with a rustless 

^^mter tanks in houses should not be of galvanized iron, nor of 
Jd uled with zinc, for water reaBily forms c^ cc^bma- 

tions \Z Ihe human system.’ Slate is 

InTxceUenT material for tanks, but it is much more tr°nblesome 
an excciiem ordinarily adopted. 

Detils of Tank Pipe Connections— Where; a tank is to supphed 
with water from the rising main (Fig. ^34^.^^^bis 

(Fig. 135)- The oper- 
ation of this device is as 
follows: When the tank 
is empty the hollow 
copper-ball float hangs 




Fig. 134- House Tank with Ball Cock 
Supijly. 

down, and the service cock is 

open. If the water . is now piG. 135. sectional View of Ball Cock. 

turned into the tank by opening stream is discharged at the 

a stopcock on the mmg “ a height sufficient to 

cock, until the water has risen m the tank to a g 
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float the ball. As this is placed at the end of a lonj' lever attached 
to the supply cock, the risinjij of the ball i.uisis a ujiadual shutting 
of the latter, until, when the water reaches the lixt'd water line, 
located some inches below the lop of the tank, the cock is entirely 
and tightly shut off. As fast as water is being drawn for house 
use from the tank, the water level falls again, anil simultaneously 
the ball-float drops, and thus opens the. cock until the tank is refilled. 

Water is drawn from the tank by means of a pipe, entering at its 
bottom and protected against obstructions by a strainer. This 
pipe, supplying all the house fixtures including the boiler, is termed 
the klling main to distinguish it from the rising main. 'I’he latter 
always contains water under pressure from the street mains, while the 
falling main has water under a pressure corresimnding to theelevation 
of the water line in the tank above the point where water is drawn. 
Thus, if the pressure in the street main at the house is eipiivalent 
to a head of 125 feet, and if the ball cock is located .(o fi'et above the 
street main, the water will pass into the tank with a pressure, at this 
point of the rising main, eiptivalent to i .>5 40 H5 feet head of 

water, or about 36.8 pounds pressure per square inch. On the 
other hand, if the water level in the tiink is 30 feet above the faucets 
of the laundry tubs, the pressure of water at this point of the falling 
main will be equivalent to a head of water of 30 feet, or about 13 
pounds per square inch. (See Diagram I’late 23, Appendix.l 
Tank Valves.— It often becomes desirable, in case of repairs 
to pipes or faucets in the house, to shut olT, temponirily, the suiijily 
from the tank in order to empty the pipes. This may be accom- 
plished by cutting off the direct supply at the rising main and empty- 
ing the tank by 0})ening any of the faucets on the first story, but it 
would be a rather slow and awkward proceeding. It is much pref- 
erable to provide a shut-off in the falling main, directly underneath 
the tank outlet. There are two ways in which this may be arranged. 
In the first method, shown in Fig. 136, a cistern valve, resting on a 
valve seat tightly fastened at the tank bottom, is muployed; it is 
operated by means of a pull, lever and crank fixed over the lop of 
the cistern. An important adjunct of this valve is the small air tube 
carried from below the valve-seat above the top of the water in the 
tank. If this were not provided, water would not readily run out 
of the faucets and the falling main and its branches could not be 
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emptied. The air tube serves, as its name implies, to bring the at- 
mospheric pressure to bear upon the water column in the .pipes, 
which latter will fall upon opening any of the faucets supplied 
from the falling main. 

In the second method, shown in Fig. 137, a plain water valve or 
else a lever-handle stopcock is used to shut off the water in the tan g 
T he valve or stopcock must, of course, be put in an accessi e 




j tViid rase too an air pipe should be carried from 
rr t; tK. J 5 the tanh, a. othetwUe it 

oL^tent cap^ 

lit a^, ^ w..e ot 

rXt tSTe overflow be disposed ot m a harmless and safe manner. 
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It was formerly quite common to tniji tlu- dviTllmv pijH' with a 
deep-seal trap and then to lead it to the iti'iua'st soil or waste pipe. 
This practice is faulty and utterly to In- i-ondemru-.l, for the water 
in the trap will ultimately evai)orate, no matter how deep a seal it 
has, and if no ovcrilow occurs - - and it oustht not to occur with 
a tight-shutting, wcll-fiUcd ball cock of gootl construction • -an 
open road will be established for air from the soil pipe to the 
tank. 

Much the easiest manner of disposing of the overtlow is to run 
and discharge it into the nearest roof gutter or on the roof. If 
this is found impracticable, the ovcrilow pipe should be ctirried to 
the nearest sink or plumbing fixture, where its discharge would he 
in sight, so as to call attention to the letik in the h;dl cock. The 
overflow pipe is cither taken out at the siile of the t;ink above the 
highest water level or else arranged tis ti, sttindpipe overflow, standing 
in the bottom of the tank and reaching up to the water level, its 
upper end or mouth being flared out, as this helps in catching the 
overflowing water. The standpipe overflow (see Fig. rpp) has this 
important advantage: that its full area at once comes into play, 
whereas the ordinary overflow requires the water to rise to the top 
of the pipe before its entire cross-sectional area becomes efl'ective. 
If the top of the stand-pipe overflow is ma<le with flaring or trumpet- 
shaped mouth, it will discharge much more water than if made 
cylindrical. 

Tank-emptying Pipe. — Where w-ater is muddy or carries linely 
suspended organic or inorganic matters, these will settle al the 
bottom of the house tank. In such a ease it is ([uite necessary 
to empty and clean the tank often and thormigldy. 'I'o etniily 
the tank by means of the falling main would be object ionable, as 
the muddy deposit of the tank would thereby be carried into the 
distribution pipes, involving the danger of stojipages. 'I’liis could 
partially be obviated by keeping the outlet leailing to the falling 
main at a height of at least six inches above the tank bottom, but 
such an arrangement would render it impossible to remove all the 
water from the tank. It is to be recommended, therelore, to lit the 
tank -with a blow-off or emptying pipe of large size, leading from 
the tank bottom to the same place where the overflow is carried. 
It is even possible to combine both, by u.sing a standing tube for 
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the oversow pipe (eee Fig. r 34 ). « i‘ « 

the tube is simply lifted and removed. i -d 

Arrangement of the Hot-water Supply from the Kitchen 
The following will serve to explain the manner in w ic 
hot-water system in a dwelling house is usually arranged, 
hot-water boiler E (Fig. 138) is placed on a stand H in the kite en 
Lngside of the range. This boiler is a closed cylindrical vesse^ 
lie to stand a strong pressure of water, and serves as a reservon 
for hot water. The fire in the kitchen range is utilized to hea 
the water by placing a closed vessel of iron, C, usually termed a 
water back, and which sometimes consists of 
Ithe times of a pipe coil, in a corner or at the side of the fire pot 
1 as to have the fire pass over its side. This water back is con- 
nected with the boiler by two pipes— a cold-water feed and a 
ntr>r return pipe. A good circulation is obtained by making the 
Ipper or return pipe from the water back to the range a size larger 
Z Z. In ordinary work, the — g p.pea are 

made of lead, but brass or copper pipes are preferable. 

Properly speaking, the water back should be named boiler 
for this is the vessel in which the water is heated, while the so-called 
Is sinrply intends! as a vessel capable «£ stonng ho. 

r t “ih. .r p^ 

.h'rw:“ °o. 

as soon as a fire g circulation of less importance is 

tept'up withta the boiler itself, as indicated heretofore The 
^ ^ • X7 ^cometirnes one and often several pipes) is taten 

InUro™he top of the boiler to carry water to the points a. which 
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it is desired to draw it. The top of the boiler is usually of a dome- 
head shape, as this makes it stronger than if made with a flat head. 

The top should be fitted with several couplings of suitable size for 
connection with the pipe system of the house. 

With muddy water a good deal of sediment and mud, forming 
sometimes an incrustation, collect at the bottom of the toiler, 
and it becomes necessary to blow the water off at times. This is 
accomplished by arranging at the lowest point of the pipe, leading 
from the bottom of the boiler to the water back, a sediment cock, 

K to which a hose may be attached if it is desired to blow off or 
empty the boiler. This blow-off pipe is, at times, connected to the 
nearest waste pipe, or run into the trap of the kitchen sink, but I 
prefer to have absolutely no direct connection between a water 
pipe and any waste pipe. I advise running this emptying pipe to a 
cellar sink, or it may be connected with a refrigerator waste, and thus 
help to flush the latter at desired intervals. Often an emptying 
cock is provided at the bottom of the boiler, and if it becomes 
necessary to open the sediment cock, a pail may easi y e p ace 
underneath it, or else a hose may be attached to it, leading the water 
outdoors. To prevent any outsiders from meddling with the cock, 

it is advisable to remove its handle. 

One objection to the ordinary form of range and boiler connec- 
tion is that the hot water, generated in the water back, enters the 
boiler at the side coupling, located at about one fourth or one third 
of the height of the boiler (Fig. 138). The heated water, when 
the fire is first started, must consequently pass through a large 
body of cold, or at least colder, water, thus losing some of its hea^t. 
As I natural result it follows that the entire boiler takes longer to 

‘'xhS’ objection was overcome in the modiScation introduced 
ir» tVip “Creaue’’ boiler, which is so arranged 
SaeTobwater pipe from the water back is carried directly to 

Ttop of the boiler (see Kg. 139) • !■> “ 7“ 

not mL with the cold, but gradually accumulates at the top of the 
roteand from there downward. The result is that a body of 
verv hot water is secured without any delay. , . . e at,- 

ne cold-water supply enters the holler P'P' j ^ . 

bottom upward. When a faucet is opened, hot water is forced 
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valve A at the bottom and passes up into it through pipe B, until 
at C the direction of its flow is reversed by an outer pipe. Now 
the water flows downward and out at D. The water leaves the boiler 
at pipe -E and goes through pipe B to the water back, there to 
become heated, and returning thence to the boiler at point and coup- 
ling G. Here it enters the boiler and passes upward through the 

pipe H to the top of the boiler. 
Entering the boiler at K it finds 
immediate outlet at i, from where 
it flows downward through and out 
at M. 

The tendency for the hot water 
is to remain at the top. The cold 
water, on the other hand, has a down- 
ward direction of flow, and, as its 
natural tendency is to fall to the hot- 
tom, the hot and cold water practi- 
cally remain unmixed. Thus, as 
soon as there is any hot water in 
the top of the boiler, water may be 
drawn hot at any faucet in the house. 

The chief advantage of the Brooks 
boiler is, therefore, that hot water can 
be drawn in a few moments after a 
fire is lighted, owing to the novel 
method of circulation. Another 




Fig. I4Q. Another Modification of Kitchen Boiler Connections. 


advantage is that the pi]« connections aie f 

boiler and BO all unsightly pipes «e done ““y ‘ ® 

for emptying and cleaning the boiler, and shonld ordmaiily always 
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be kept closed. The inside pipes can la- easily uilh.lrawn for 
repairs. The same style of boiler may also la- e.mnecu-d with a 

gas range. 

Kitchen Boilers Supplied from Tank Pressure. 1 he pipe A 
fFie. 1^8), which supplies cold waH-r u. Uu- hoih-r, may he ooniu-cted 
' ° either to the riMiig main, thus 


1 







Fig. 141 . Arrangement of Pti^ Connec- 
tions in the Brooks Kitchen Boiler. 


strtH't pri*ss\irt\ tir (‘Ise it maybe 
a |uirt tvf iho fallini’; main, where 
the boiler h. supplied from tank 
pressure iM^e h’iy,. i.cM, The 
lattm* sVh-lent far preferable, as 
alreatlv imlieated, ftir the ftillow- 
ine* reaMm':e. li a hoih'r is sup ' 
plii‘<:l frtim ilifiHi pressure, the 
(hutgm’ ahva\^ exi^s uf its leak- 
ing ur hucuine. under a heavy 
water prws>tiri% nr tnving to rC'- 
pealed siaadvs itf wati^r luimmer. 
Moreover, the water hack may 
create a, large anunitit of steam, 
if the prtiporiion heiueim size of 
u aler hai k aitt! t apueity td boiler 
is ill ehosi-n, and partieuhuiy 
when the water hark is far too 
large ftm iht* wtirk if has to do, 
Tills will imt i)nly t'uuse the rum- 
bling noise sc* ff(a|uenlly encoun- 
tered in kitelum boilers, hut, if 
the fife is very brisk, !t may 
bring with it the duwgyw of the 
boiler Ijurstinic 

Amdher ilanger to which 
boilers, Hiipplied from tlie street 
railpcaU, is that of 
rids may occur if a 

eold water cmtering the 

I vacuumi 


pressure, arc 

colitpsisg* 

water faucet is suddenly opened, whereby t!u^ 
boiler condenses the steam and thus very suddenly create 
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whereupon the atmospheric pressure on the outside exerts a crushing 
force on the boiler shell. The latter is rarely sttong enough in copper 
boilers to prevent their entire collapse, and this is one of the reasons 
why the cheaper, but stronger, iron boilers are used where houses 
are supplied on the direct system. The same accident may happen 
to boilers if the water is removed from them by means of the sediment 
cock without taking the precaution of opening the kitchen-sink 
faucet in order to prevent the creation of a vacuum. When water 
is drawn off in the street mains without warning being given to the 
occupiers of dwellings along the street, boilers supplied from the 
street pressure frequently collapse. If proper warning is given, 
the householder should not neglect to shut off the house-supply 
pipes and to put the fire out in the range.. 

Boiler Vacuum and Safety Valves. -To prevent the bursting 
and the collapsing of boilers supplied directly from street pressure, 
a combined vacuum and safety valve is sometimes placed at the 
top of the boilers. The safety valve is intended for the escape 0 
stLm generated in the water back or boiler, while die vacuuin 
valve is so arranged as to admit air in case a vacuum. sho^d occu 
at the inside of the boiler. I do not have much faith in the proper 
working of such kitchen-boiler appendages. Unlike the safety valve 
If a .team boiler, such a device is no. constantly looW 
nor is it sufficiently often put into operation, hence the valve is very 
liable to stick just at the time when it is required to blow off steam. 
In short, the arrangement cannot be recommended, “ 
efficient and gives rise to a false sense of security. In my ]udg. 
mcnt, kitchen boilers ought always to be supplied fronr F^e's 

Fig 142 illustrates the proper system of arranging the pipes 
for a boiler supplied from a tank. The tank is shown located on 
the highest floor of the house -though it is more often placed on 
he roof. It has a ball-cock supply, «, an overflow and a blow-off 
pipe cistern valve and air tube on the falling mam, 6, and pull, 
fever and crank. The black lines indicate cold-water pipes, 
being the rising main, b the falling mafti ^ 

Pipe^c is the rising-hot-water mam, t.e., the pipe leading 

wL from the top of the boiler to o^^he 

Steam-relief or Expansion Pipe. An essenl a i • . i 

tank-supply systeu. is the stemu-escape or reUef pip. d for the krtchen 
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L -Ipr This is simply an extension of the hot-water rising main 

S: is twofold, in the 6ns. 

1, renders the boiler sale against end of 

generated m the h efficiently prevents the collapsing 

the relief pipe. Second y, ^^j^Ler in case the water is 

drrwnIS. t Jral r^e the f^L^Tre 

also adds to over the direct-supply system 

to kitchen boilers is tha i p pjpg_ 

relief pipe, for listing in the above-described 

“L" Moffier p;p. ,^0 

in the house bach into the .0 draw 

return or circulation pip - f-nret situated at a great dis- 

hot water If ^the hot-water pipe stops, as it 

tance from the kitchen bo ^^bing, at the highest fixture, 
usually does in ordinary^ stretch of pipe soon loses its 

the hot water contained in g amount 

heat, and it becomes necessary o . . ^ ^ater. By adding 

of water to run to hept up in the hot- 

the return-flow pipe e, a _ T^oiler 

water ^“ols and being constantly replaced by hot 

through this pipe as it ^ 

water rising from the top of ^ return-circulation pipe is 
AntMher important advantage of the retu 
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that it prevents waste of water in Iwuscs, inasmuch as the faucets 
need not be kept running to draw out the watci whii li has, by stand- 
ing in the pipes, become cooled. Still another advantage is that 
it tends to maintain a more even temperature in the hut- water boiler, 
and also that it relieves the boiler from any undue i>ressuri' due to the 

water getting too hot. _ 

Explosion of Water Backs.— There is one danger to which hot- 
water apparatus of all kinds is subject, and that is the bursting 
of the water back in winter time. One fraiueiitly encounters in 
newspapers accounts of such exiilosions, which are olien the cause 
of serious injuries to the kitchen servants or. at least, of damage to 
property. Such accidents are liable to occur wliether a boiler 
is supplied from direct pressure or from a lank, and they can be 
prevented only by some intelligent care on the part of the house- 
holder. The reason for such an explosion, whiidi very^often causes 
the entire destruction of the cooking range, is a very simple one. 

If the kitchen fire is allowed to go out on a very cold night, paiticu- 
larly if the kitchen is much exposed, the water in the water back 
and the connecting pipes may freeze. If tlie lire is lighted in the 
morning, steam is generated in the water hack, and, inasmuch as 
the circulation is interrupted and the steam has no e.xit from which 
to escape, a powerful pressure is exerted upon the water back 
until it finally explodes with great violence. H should be under- 
stood that neither vacuum nor safety valve, nor the expansion pipe 
of the tank-supply system, render the system free from the danger 
of this accident. 

The only sure way to prevent the occurrence of such a disaster 
is to keep, on cold nights, a fire going in the range, so as to maintain 
the circulation of water through the water haek. If the lire should 
accidentally or carelessly be allowed to go out in winter time, it 
may be a wise precaution to ascertain in the morning, helon- liglitiiig 
a fire, if the water is frozen in the connecting pipes iH-lween the 
boiler and the water back. This can be iloiie, when tlu- pipes are 
properly arranged, by opening the sediment cock, which should 
be placed close to the range. As long as water is delivered from 
it, it is very probable that the water in the water hack is not frozen, 
as the freezing would begin at tlie ]>ipes, not at the water back, 
for the range is apt to retain some of its heat for a long time. 
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Material of Kitchen Boilers.— Kitchen boilers are made of nvete 
wrought iron and of copper. If of iron they are dways galvamzed 
in order to prevent the iron from rusting. If of copper they are 
Led on the inside. In neither case should water for culinary 

oDerations be drawn from a boiler. 

As commonly made, gslvsnised-iion boilers me able to "thslmd 
a heavier pressure than copper boilers; for th,s reason they are 
usually sehited wherever the supply is directly from tank pressure 
There is very little danger of such a boiler collapsing. I, however, 
much prefer^a copper boiler, which can also be had, although at a 
oTsuhiclent strength. Such ^ 
hf subiected to a heavy-pressure test before being p 
Lpted from a tank under a uniform and moderate pressure, as is 

?:“dS, x:" h if. r»S « 

IrtoTwief sS rf'su!h°t”he£flf^ ^ 

-X" XX of plum. 

r b fvc to be supplied with hot water; also, to some extent, upon 
mg back. A large water back requires 

a Xoilm t Xid the undue generation of steam _ 

XX cracking of the hot-water p.pes near the dome 

■“t sXXtas been found advamajou„ 

boiler with 7— 

XrX X: necessarily mar the appearance of the 

ex xxTtXr. 

two hot-water 7 ers, one in ^ e hot-water supply to 

Sometimes the laundry ^ boilers are cross- 

the laundry tubs only , but m arrangement 

connected, so as .0 both in the Lhen 

works weU m long as a Brys ^^e ^7^ 

and in the laundry. ^ mixture of hot and 

water drawn -^ot-wMer fau^ ^ ,,,er. 

cold water, unless a vaive is muse 
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As it is ROt desirable that servaRls sVh. 1.1 n.amimlale valves in a 
house tire arrangement cannot be recommemlod. Where two 
cT ,r, used it is very much l>etler f teed Hie smaller boiler 
llllly the on; in the laundry) from the hoi waler ,,i,,e o( the 
£en boiler, and to provide a reliirn cireulatioi. beliveen both 

*”toother method which I have often used with good tes.ills is to 

have an interchangeable connection so that either laundry. holler or 

kitchen-boiler hot water may be drawn at Uu- tul>s. _ 

The laundry boiler is apt to become overlu-ato.! on ironmg .lays: 
to utilize the hot water gcnerato<l al that tunc, u .s a go.nl pract.ee 
to arrange for a third faucet at the k.tchcn smk, so that the cook 
may draw hot water from the laundry boiler, m tins way saymg 
the^entire contents of the kitchen boiler for the lixtures m the bath- 

M boilers may be fitted up cither in a vertical or in a horizontal 
position, and the latter position is chosen where space is lacking. 

Lllar Hot-water Tanks.- Of late years, it has become customary 
to do away with the kitchen boiler, or with both kitchen an. laundry 
boilers, and to obtain the entire suiiply of hot water for the house 
from a hot-water tank in the cellar. 'This arrangement 1ms several 
distinct advantages and only one slight .hsadvantage. Ihe la ter 
is the necessity of attending the year round to a lure m the. tc Ur. 
Many house owners do not Im.l this to be a iroublesomc: ma ter. 
The advantages gained, on the other han.l are that the kit.- hen .loe 
not become overheated from the heal radiate.1 l.y the b.u ei , also 
that, as there is no water back or pipe coil m the lire bo.x. the .wens 
will receive a larger amount of heat an.l hence will bake belter 
The cellar hot-water tanks may be heated by steam oils placed 
on the inside, and supplied with steam of about live pounds pu-s- 
sure; but, as steam is not available in summer tune, a summer or 
hot-water heater is added to the arrangem.-ni . wlii.-h is .-apablc ot 
■ heating the entire contents of the tank by rapid hot waler circulation. 
Sometimes two such tanks arc provided, one for street, the otliei 

• for tank, pressure (see Fig. 143)- . , „ a . , ,.,r 

Where high pressure or exhaust steam is availabU* all le yt' ^ 
round, a hot-water heater, designed much in the same manner as a 
feed-water heater, is sometimes installed. Its capacity shou t 3e 
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up in heating capacity what they lack m storage capaci y. 



FiS. 143. View of Hot-water Tanks Heated by Steam. 


^ * ra <5 water heaters for the supply of hot 

Gas Water The so-called instantaneous 

water are of three di used in bathrooms or at other 

heaters (Figs. I44, i45 burned 

fixtures, and are arranged so 

on the gas is ignited J ""X It should be under- 

almost immediately at the connections to the 

stood that such instantaneous hewers hje ^ 

hot-water pipes, and require only a cold w 

“Another tjT>e of gas water ^ 

;Tlrayt'::ir:;^''ceUax if .ore convenient and then connected 
with the boiler. 
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Such round water heaters are of many different makes. One 
heater of this type, illustrated in Fig. 14?) consists of a vertical 
cylinder or water chamber containing many tubes placed on the 
inside in a perpendicular position. A large atmospheric gas burner 
is placed at the bottom, and the 
heat from the gas passes upwards 
the entire length of the tubes. 

The cold water enters the upper 
chamber and, passing down 
through the inner tubes, returns 
through the outside tubes and, 
after passing through the lower 
chamber, it flows heated from the 
top of the heater. The sectional 
view. Fig. 14^) explains clearly 
the working of the heater. 

When set up alongside of the 
boiler, these heaters do not occupy 
much space and the pipe connec- 
tions can be readily made. The 
heaters, although small, have a 
very large inner heating surface. 

The outside jacket is of planished 
steel, the inner of cold-rolled steel 
and lined with asbestos, as is also 
the outside jacket, with an air 
space between. In this way the 
loss of heat by radiation is much 
reduced. The gas burner is 
specially designed for the heater 
and adjusted to consume the right 
amount of gas to obtain good Eclipse Gas Water Heater 

heating results. These heaters are Attached to Kitchen Boiler. 

made in several sizes, to be in , , 

proportion to the capacity of the boiler. Where the boiler exceed 
eighty gallons capacity these types of heaters are not so well 
adapted. In all cases the hot-water connection to the boi er 
should be made at the top, as explained m Fig. 1395 
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to draw hot water quickly without having to wait until the boiler 
is heated. 

The third type of gas water heater may be described as an inde- 
pendent and automatic gas heater, which is usually fitted up in the 
cellar, and connected with the main hot-water lines of the house. 



€010 W&'fEfiS CM/VH 


HOT wate r c w a m b e ■; 


coin WATgff 


CO ID WAT|?R (NLin 


iHgeT_jRON jacket 


Fig. 148. Section of Eclipse Gas Heater for Kitchen Boiler. 


Besides the two principal makes of these heaters, the Pittsburgh 
and the Ruud heaters, which I shall describe and illustrate in the 
following, there are a number of other similar apparatus. It is 
claimed that with an automatic gas water heater in a house, hot 
water in abundance may be obtained, night or day, by simply 
turning a hot-water faucet at any of the fixtures where hot water is 
drawn. 
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Gas water heaters are portable and hence may he set up or re- 
moved almost as readily as any gas stove. The construction and oper- 
ation of these heaters is very simple and ingenious. The exterior 
is usually of cast iron (see Fig. 149) > consists of a 

long line of copper tubing, coiled inside of an iron jacket (Fig. 150). 



Fig. 149. View of Pittsburgh Gas Water Heater. Closed, 


This copper pipe coil is placed over a special gas burner in s 
" « ” .ili« all the hea. gen««d by the 8 - 

Attached to the coil at one end and to the gas burner a 
is placed a patented graduating valve (Fig. 151) > ■ 

and gas valve, so constructed that the flow of ^ 

1 , raises the gas vdve, ano^n^ the|» 
heat the water in the copper coil, ihe closing 
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off the gas the instant the water is no longer being drawn. A 
special feature of this automatic valve is the graduating of the flow 
of gas to the flow of water, so that the temperature of the water is 
always uniform, while economy in the use of gas is effected. The 
gas burner has a special pilot light, which is kept burning and is 



Fig. 1 50. View of Pittsburgh Gas Water Heater. Open. 

always ready to ignite the gas from the main burner when the water 
turns it on. 

The heater may be set up in any convenient place, but is usually 
located in the cellar. The required water and gas connections of 
proper size are made to it; either artificial or natural gas may be 
burned. When a hot-water faucet in the house is turned open a 
flow of water is started through the heater, which turns on the full 
gas supply, ignited by means of the pilot light, and almost instantly 
hot water flows at the faucet. 

Coal is, of course, a cheaper fuel than gas where heat is con- 
tinuously wanted, for it contains more heat units than the heat units 
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of a gas supply equivalent in price. Yet, where heat is wanted only 
intermittently and for a short period of time, gas is the cheaper 
fuel. A large part of the heat generated in burning coal for domestic 
purposes goes to waste in the 
chimney flue, while another part 
heats up the kitchen unneces- 
sarily, to the great discomfort 
of its occupants. 

The ordinary kitchen boiler 
consumes large quantities of coal 
“to warm its contents, and during 
many hours it cools off without 
having performed useful work. 

This alternate heating and cool- 
ing keeps up day and night and 
is necessarily uneconomical. 

Where large quantities of hot 
water are required at one time, as 
in residences with more thanoowwator 

to Heater F 

two bathrooms, the heater 
should be used in connection with 
a hot-water storage tank, other- 
wise it will not give satisfaction. 

The Ruud automatic instan- 
taneous gas water heater, shown 
in illustrations. Figs. 152 and 
153, is another appliance using 
gas for heating water. Its dis- 
tinguishing feature is the thermo- 
stat which controls the gas valve. {A * f 

Fig. 152 shows the outside Heater, 

appearance of the heater and 

Fig. 153 its interior, showing the copper heating coil, the detach- 
able gas burners, and the pipe connections. It consists essentially 
of a series of copper coils, enclosed in a cast-iron stove jacket, and 
of a series of powerful gas burners placed under the coils. The 
water-pressure valve automatically turns on the gas, which lights 
from a pilot light constantly kept burning, whenever a hot-water 



No. 

I. Spring Regulator 

-10 2. Spring 

8. Valve Disk 
4. Gas Regulator 

6. Valve Rod 

1 1^2 6. Cork Washer 

7. Lock Nut 

8. Gland 

9. Packing Nut 
10. Nut for Water 

Regulator 

II. Spring for Water 
Regulator 

12. Water Regulator 
18. Plunger 

14. Water Pressure 
Regulator 

15. Water Regulator 
Nut 

16. Water Chamber 
Bottom 



Fig. 1$^. View of Ruud Automatic Gas Fig. 153. View of Ruud Automatic Gas 

Water Heater. Closed. Water Hfater. Open. 
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faucet is opened in the house, and the thermostat regulates the flow 
of gas to the burners and hence the temperature of the hot water 
obtained. The gas burns only as long as the hot-water faucet is 
kept open, and its closing also shuts off the gas supply (except to the 
pilot light). 

It is claimed that with ordinary city gas, of 650 B.T.U.,this heater 
yields i gallon of hot water (at 150° F.) for i cubic foot of gas 
consumed. If gas costs 80 cents per 1000, one obtains 

I gallon for xfs- cent or 
12 J gallons for i cent. 

If 100 gallons of hot water are used daily in a household, this 
means an expenditure of from $2.40 to $3.50 per month. 

Where natural gas is supplied at 20 cents per 1000 cubic feet, 
it costs but 2 cents to heat 100 gallons. 

It is claimed that the pilot light burns only about 30 cents’ worth 
of gas per month. The gas water heater utilizes about 80 per cent 
of the heat of the gas, and is therefore very economical. 

The Ruud heater is made in four sizes, of capacities of 3, 4, 6 
and 8 gallons per minute, the No. 4 being the standard size for a 
house with i bathroom, laundry and kitchen, and the No. 8 being 
adapted for a house with 3 to 6 bathrooms, pantry, kitchen andi 
laundry. 

In the so-called Ruud automatic reheating system a gas heater 
placed in the basement or cellar is used in connection with a kitchen 
boiler, heated from the range. The water flows from the kitchen 
boiler to the gas heater; if water from the kitchen boiler is sufficiently 
hot, the gas is not lighted in the heater, or, rather, the opening of 
the hot-water faiftt opens the gas valve, but the thermostat closes 
it again almost instantly. If the temperature of the hot water is 
below 140° F., the Ruud heater automatically turns on just enough 
gas to bring the water up to 140° F. In this way the desirable 
features of both are combined. 

Wherever very large quantities of hot water are required, the 
Ruud heater should be used in connection with a large storage 
tanlr for hot water. In this case the coil used is a so-called multi- 
copper coil of special construction, with coils varying from f inch 
diameter at the top to i inch diameter at the bottom. 
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For the heating of very large storage tanks, two heaters are some- 
times used jointly in the so-called Ruud Duplex system. Some- 
times the tanks contain copper steam coils and are heated in winter 
time by steam, while for summer use, when no steam is available, 
gas is utilized for warming the water. To prevent undue loss of heat 
from radiation, the tank should be covered in the best manner with 
non-conducting covering. 

Material for Service and Supply Pipes.— Several kinds of pipe 
are available for the distribution of water in a house. Those in 
more general use are pipes of lead and of wrought iron or steel. 
Lead pipe may be either plain, or else tin-lined. Pipes of wrought 
iron and steel may be plain, or dipped into and coated with zinc 
(so-called galvanized pipes), or coated with asphalt or black enamel; 
some years ago such pipes were treated by the Bower-Baril rustless- 
iron process, or they were lined with cement; finally there are tin- 
lined and kalameined wrought-iron pipes. 

Brass pipes are used quite frequently, and copper pipes to some 
extent, as are also pipes made of pure block tin. In the best kind 
of modern plumbing work annealed brass pipe, tinned on the 
inside, is used in preference to iron pipe, whereas lead pipe is 
almost entirely done away with. Other kinds not often met in 
actual practice are the gutta-percha, the paper, the glass-lined and 
the rubber-coated wrought-iron pipes. Cast-iron service pipes are 
used only in sizes above two inches in bore and principally for 
the supply of large public buildings, hotels, railroad stations, etc. 

Lead Pipe. — Probably no material has been used more exten- 
sively in the past than drawn lead pipes for water service. Formerly, 
lead pipes were made by drawing the material over dies. It is now 
usual to melt the lead in a suitable vessel and to ^our it into a kind 
of hydraulic press, wherein the lead is first allowed to cool. It is 
then forced through an aperture in the bottom of the i)ress cylinder, 
corresponding in size to the desired outer diameter of the pipe, 
and over an iron core of the desired inner pipe diameter. The 
finished pipe is rolled up in coils of various lengths, depending 
upon the capacity of the hydraulic press. 

The chief advantages of lead pipe are the facility with which it 
is handled and bent to suit all positions, the easiness with which 
connections and repairs are made, the comparatively small number 
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of joints required, and its cheapness and durability. Among d.is- 
advantages I mention the fact that, owing to its weight, lead pipe 
is apt to sag unless the pipe is carefully and continuously supported, 
especially so on horizontal runs, and more so with hot- than with 
cold-water pipes, owing to the expansion of the metal due to changes 
of temperature. Lead pipe is, moreover, very easily injured by 
external pressure, by blows from a hammer, or by the driving of 
nails into it, as well as by the gnawing of rats. 

The chief objection to lead as a material for water pipes is a 
sanitary one. It arises from the fact that certain waters, notably 
soft waters and those containing much oxygen, attack the lead 
vigorously and dissolve a sufficient amount to cause dangerous lead 
poisoning. As this is a chemical rather than a purely engineering 
question, I quote the recent opinion of a chemist, the late Prof. W. 
Ripley Nichols of the Massachusetts Institute of Technology, an 
authority on the subject. 

“Various waters act very differently upon lead, some corroding it rapidly, 
others to a very slight extent only, under similar circumstonces. The cause of 
the corrosion is to be sought in the dissolved oxygen, of which all water contains 
more or less, and in certain saline substances, the presence of which deter- 
mines a more violent action. It is generally felt, for instance, that the presence 
of nitrates, nitrites and ammoniacal salts increases the action of the water on 
lead, while carbonates, sulphates and notably phosphates hinder such action. * 

This question is of the greatest moment in the case of an inter- 
mittent supply, iu which the pipes are left empty for many hours, 
in which case the oxygen of the air probably causes a much stronger 
and quicker corrosion of the pipe. Where pipes are constant y 
kept full of water — and this is the system almost universally 
adopted in American cities, as has been referred to in the intro- 
duction to this chapter— the corrosion takes place largely when 
the pipes are first put into use, while soon afterward they become 
covered with a white protective coating, which is not easily dissolved 
by the water and prevents any injurious contaminating effects. 
The origin of this white lining, which upon analysis is found to 
consist largely of carbonate of lead, is explained by chemists as 
follows: The oxide of lead, formed by the chemical action of 
the oxygen contained in the water upon the lead, combines after a 
while with the carbonic acid in the water or with the bicarbonate 
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which it contains, to form carbonate of lead, which adheres as an 
insoluble coating to the inside of pipes. After the pipes become 
coated in this manner, the corrosive action practically ceases.' 

Some doubt remains, however, as to whether the action of a 
water on lead ever ceases entirely. It is, therefore, much to be 
recommended, as a measure of safety when drawing water from 
lead pipes for drinking or culinary purposes, always to let a suffi- 
cient amount pass through the pipes and run to waste. This 
rule should be particularly observed when drawing water in the 
morning after it has stood all night in lead pipes. In the 
case of newly-put-in lead pipes this precaution should never be 
neglected. 

Some chemists recommend to be particularly cautious in the case 
of lead pipes used for hot water,' and advise never to use for drink- 
ing or for cooking purposes water which has stood hot in the pipes. 
In the case of cold water there is also, undoubtedly, some danger 
in using lead for suction pipes in cisterns containing soft rain 
water or in wells with moderately hard water. In both cases a 
considerable length of the pipes may be exposed to air and water 
alternately, owing to fluctuations in the level of the water in both 
wells and cisterns, and the corrosion may be a very rapid one. 
Very hard waters do not act much on lead ]>rovided the pipes are 
kept full, but even in their case lead pipes should not be employed 
for suction pipes from wells. 

After a careful review of the testimony of chemists, I think it may 
be safely stated that the danger from using lead ])ipes for water 
distribution in houses has been somewhat exaggerated, and that 
unnecessary alarm and prejudice was created in many cases. 
With a moderately hard water, and witir proper precautions in its 
use, no danger, in my judgment, need be aijprehended from the use 
of lead pipes. As a matter of precaution against external corrosion 
lead pipes should not be laid in damj) soil containing much lime, 
nor should they come in contact with cement. 

Coated Lead Pipes. — Various means have, from time to time, 
been suggested to cover the inside of lead pii)es with a protective, 
insoluble and durable coating. The use of parafiine has been pro- 
posed for this purpose. Professor WollThiigel mentions the appli- 
cation of a solution of sulphide of potassium or sodium, which 
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causes the pipes to be covered with a film of insoluble sulphide of 

^^^Ahother method of chemical protection consists in filling lead 
pipes with a weak solution of phosphate of soda, which soon com- 
bines with the lead to form a protective coating of insoluble phos- 
phate of lead. , . r 1 j 

Tin-Uned Lead Pipe.— The best mechanical lining for lead 

pipes of which I have knowledge is tin. Tin-lined lead pipes, 
sometimes called lead-encased tin pipes, are now in extensive use 
in the United States, but particularly so in Germany, where this 
kind of pipe is called “ Mantelrohr,” and has largely displaced 
the ordinary lead pipe. A tin lining, it is true, is also acted upon 
by water, but only very slowly, and the substances formed are 
insoluble and harmless. Exposed to the air, tin oxidizes very slowly 
at ordinary temperatures. The name given to the pipe is to some 
extent misleading, for it is not a lead pipe coated with a mere thin 
lining of tin. Such pipes have been sometimes sold, but they are 

not a satisfactory nor a durable article. 

In a well-made tin-lined pipe the tin lining forms a continuous 
independent and uniformly thick tube within the lead pipe. The 
tin should not be forced upon the lead by heat, as an alloy may then 
be formed, which would render the lining objectionable. The 
two pipes should simply be joined under a strong pressure. ^ Such 
tin-lined pipes can be as easily handled as lead pipes Owing to 
their supposed greater strength they were at first made somewhat 
lighter than plain lead pipes, but it is advisable to use tm-lined pipes 
of the same weight as ordinary pipes. In their outside appearance 
they do not differ from ordinary lead pipes except by having pu 
on them, in the course of manufacture, as a mark by which 0 
distinguish them, a number of slightly raised longitudinal ribs or 

Such pipe is more expensive in first cost than lead pipe, ^Jid it 
also requires greater care in making the joints. A careless work- 
man, in wiping a joint in the usual manner,* is very ^ 
off the protective tin lining, thus exposing portions of the lead pipe. 
It is a fact established by scientific investigation that lead is more 
easily corroded by water in the presence of other metals, such as 
iron, zinc, or tin, and this is explained as being caused by a galvanic 
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action which, it is thought, takes place when two metals are placed 
side by side in water. To avoid the danger of imperfect joints, 
special tinned brass ferrules or couplings and Tee branches are sold 
by the manufacturers with the tin-lined lead pipe, but, so far as my 
observation goes, they are not used much. 

Block-tin Pipes. — Pipes made of pure block tin in the same 
manner as drawn lead pipes have been.used in houses to a limited 
extent. From a sanitary point of view no objection can be raised 
against them. They are, however, more difficult to handle and 
are very much more expensive than tin-lined pi])cs, without offering 
corresponding advantages, except in the case of suction pipes 
for wells and cisterns, for which purpose they are superior to the 
lead and the* lead-encased tin pipes. The exterior of the latter, 
it should be remembered, if used in wells or cisterns, is apt to con- 
taminate the water. Some chemists warn against the use of block- 
tin or tin-lined pipes for hot-water distribution, claiming that tin 
is very sensitive to heat. It is also best not to use block-tin pipes 
in moist ground, where they are often corroded more rapidly than 
plain lead or tin-lined lead pipe. 

Wrought-iron and Steel Pipes. — Ordinary wrought-iron and steel 
service pipes are manufactured at the rolling mills from wrought- 
iron bars bent up by means of machines to a circular shape. In 
the small sizes the ends are butted against each other and welded 
together; in pipes of larger diameter the longitudinal seams are 
lapped over. Before leaving the works all pipes are tested with a 
pressure varying from 300 to 500 and even more pounds per square 
inch. 

Plain wrought-iron pipes would be well adapted for carrying 
water but for the fact that they are perishable, being rapidly oxidized 
by the action of water, especially of soft water charged with much 
oxygen. They are particularly objectionable for an intermittent 
system of water distribution, as they quickly rust internally when 
exposed to the air in a wet or moist condition. They are also easily 
corroded externally when laid in a wet or damp soil, or in soil im- 
pregnated with acids or chemical refuse; they are likewise much 
attacked if laid under water, as in wells or cisterns, or if run through 
rooms containiqg an atmosphere highly saturated with moisture. 

While oxide of iron, commonly known as iron rust, is unobjec- 
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tionable from a sanitary point of view, the taste of the water becomes 
unpleasant, it is thereby rendered unfit for culinary purposes, and 
there is besides the great drawback that linen is marked by yellow 
stains due to the iron rust, which are not easily removed. In the 
case of pipes of smaller size obstructions frequently occur owing 
to the accumulation of rust, which may seriously interfere with the 
free flow of water. 

The advantages of wrought-iron service pipes from an engineering 
Doint of view, on the other hand, are many, chiefly amongst them 
being the strength of the pipe in resisting high interior pressure 
as well as in not being easily hurt by blows from the outside and not 
being liable to damage by careless driving of nails, etc. Wrought- 
iron pipes may be carried horizontally in pipe hangers and do not 
require continuous supports to prevent sagging; they are quick 7 
and permanently put together by screw joints. Add to this the 
cheapness of the smaller sizes, and it may be understood w y many 
claim that wrought-iron pipes are superior to lead 

Wrought-iron and steel pipes are made in all sizes, from i inch 
upward to 20 inches, and in three grades or weights known respec- 
tively as the standard, the extra-strong and the double extra-strong 
pipe^ In the two heaviest grades the extra thickness is put on the 
LSde and thus decreases the inside diameter, whereas the outside 
diameter remains the same as that of standard pipes. 

During the past decade the pipe mills have rnanufactured large y 
steel pipes although these are sold as “wrought-iron pipe. 

.v.® ^ a. ..per., to distinguish Utwe^ the t™ 

kinds by a mere inspection. There are only two ways to_ tell 
wLthe7a pipe is of steel or of genuine wrought-iron: one is to 
submit a sample piece of the pipe to a chemical analysis, the other 
is to cut and thread the pipe in a hand-cutting and threading m 
chine. It will be found that the steel pipe contains more carbon, 

anH that it cuts and threads harder. ^ 

I. is well known that steel corrodes quicker 
when exposed to the weather, hence arose some prejudice against 
at sterpfpe. As a matte, of fact, steel pipe is ^ serviceable 
^wtoy. iron, except possibly for vent pipes, and for p^uliar 
LditioS of the water. If a specification contemplates the iM 
o tought-iron pipe, it is advisable to call for “genume” wrought- 
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iron pipe; sometimes the name of a manufacturer is used, such as 
“Byers” wrought-iron pipe. Steel pipes are manufactured more 
cheaply than wrought-iron pipes, hence one has to pay a higher 
price for the genuine wrought-iron pipe. 

There is some danger, when wrought-iron or steel pipes are used 
concealed in buildings, of electrolytic action taking place, by which 
both kinds of pipes become rapidly pitted, honeycombed or corroded. 

It is very desirable that more information should be available 
about the relative advantages of steel and wrought-iron pipes, and 
in particular about their relative corrosion. (See Chap. VII.) 

Galvanized Wrought-iron Pipes. — The many points of advantage 
enumerated have led to the search for some permanent protecting 
coating, which would render wrought-iron and steel pipes adapted 
to all uses and for all situations. Zinc-coated or galvanized pipes 
have been used extensively for a number of years, and the opinions 
differ greatly as to their merits. While some assert that galvanized 
wrought-iron pipe makes an excellent service pipe, and that it is, 
next to lead, the most suitable material, others condemn it altogether. 
Very much probably depends, as in the case of lead pipes, on the 
chemical and physical properties of each particular sampli^ of water. 

With ordinary water such pipe may be entirely safe to use, pro- 
vided the pipes are not left empty at any time. In case the gal- 
vanizing is imperfectly done, the smaller sizes are apt to clog. 
Some assert that galvanized wrought-iron pipes should not be used 
for hot water, probably owing to the prevailing opinion that increase 
of temperature increases the corrosive action of the water. Much 
will depend; of course, upon the care with which the coating is 
applied. 

Wrought-iron service pipes are galvanized by first cleaning them 
thoroughly by means of diluted acid solutions, and then immersing 
them into a bath of melted zinc. The latter does not merely form 
a protective surface lining, but is said to penetrate the iron more 
or less. 

Authorities differ, as to the corrosive action of water on zinc. 
Some claim that the zinc coating, if properly applied, will last for 
many years. Others, whose opinion entitles them to equal considera- 
tion, state that corrosion begins as soon as water fills the pipe, 
that at first the zinc only is attacked, but that finally the protective 
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film of zinc will more or less disappear, leaving the iron exposed to 
rust From a health point of view galvanized pipes are not very 
objectionable, for, although the water passing through Pip^J 

usually dissolves salts of zinc, which are poisonous, and also carries 
some L suspension, the amount is not such as to cause any serious 

"“S-Uned Wroughi-iroa Hpe. - Tin-lined wought-lroa ^ 

are unobjectionable from a sanitary point of view; in fact, t y 
keep the water in an excellent condition of purity, but it is ra er 
diffi^cult to apply the lining in such a manner as to be permanent. 

If only a small surface of the plain iron is left exposed, 

goes on more intensely in the case of these, as also with P^' 

than if the pipes were left entirely unprotected, ^his may be d 

to a galvanic action caused by water coming m 

two different metals. Tin-lined wrought-iron pipes should be 

nected by means of tinned-brass screw ferrules. ^ 

Wi.u6ht-te.d Pip.. - Asphalted wto»ght.,ion pipes 

Uve also been used, and the only objection to 

is that the water standing in the pipes acquires an objectionable 
taste of tar which continues for a long time after the pipes are _p 
Tuse. Tkis can be easily remedied, however, ^^^h ^.P^P^^ 
by allowing the water to run to waste when drawing it or nn 

Lth of asphaltof proper 

If the asphalt is applied cold, it may soon be off ^d carried 

m susnension in the water. - For conveyance of hot water 

phalted wrought-iron pipe is not 

toe would increase the tendency of dissolving the 

EnLeled Wrought-iron Pipe. - Enameled wrought-xron pipes 

are more or less expensive, recording to tte “ 

protect the iron, which ranges from an 

with linseed oil or other bituminous varnish to a high P^ratt 
Ilmel Enameled pipe is exceUently adapted for pipes laid m 
■ he ground, and for carrying water from » «ant sp^^ 

"“biXd^of 'hat the threads and pipe ends are thoroughly 
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coated with the liquid enamel, sold by the manufacturers of such 
pipe, otherwise the joints, having the bright iron exposed, will soon 
commence to rust. 

Rubber-coated and Glass-lined Wrought-iron Pipe. — I have 
no experience in the use of rubber-coated iron pipes, and do not 
know of their being used at the present day, to any extent. Regard- 
ing glass-lined iron pipes, they would, obviously, make a pipe 
for house service excellently fit for keeping the water pure. But 
they are very expensive, fragile and easily broken, and it is difficult 
to run them and to make the joints properly, hence they are sel- 
dom employed; in fact, I believe their manufacture has recently been 
given up. 

Cement-lined Wrought-iron Pipe. — Another method of protect- 
ing wrought-iron pipes against corrosion is tlie lining of the inside 
of the pipes with cement. Cement-lined wrought-iron service pipe 
has been in use for many years, principally in some New England 
towns. I am not sufficiently familiar with the use of such pipe 
to speak with authority of its merits or demerits. From a descrip- 
tion, I learn that the process adopted for lining such jupes is as fol- 
lows: The sizes used are J inch, i inch and ij inches, the lining 
having a thickness of | inch, thus reducing the clear bore of the 
pipe to i, I and i inch respectively. A mixture of Portland 
with some Rosendale cement is used for the lining. This mixture 
is injected into the pipe by means of a special ])ress, and two cones 
of the diameter of the finished bore are then drawn through the * 
pipes, pressing the cement against its sides. The cement is then 
allowed time to rest, and finally a licjuid grout is ]K)ured through 
the pipe to fill any imperfections in the first coating. 

It is, of course, necessary in using the cement-lined i)ipc to em- 
ploy malleable-iron fittings which are suitably protected against 
corrosion. It is common to use galvanized- or asplialtcd-iron or 
else brass fittings. Care should be observed to i>rotect the ends of 
service pipes, inserted into fittings. Here, at tlie jiipe ends, and 
in couplings, there is often trouble experienced from rusting. 

From a sanitary point of view such cement-lined ])ipe appears 
to me entirely unobjectionable, except that it may have some effect in ■ 
slightly increasing the hardness of the water, at least when water 
is first turned into the pipes. If the process is carefully carried out 
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there seems to be no reason why such lining should not efficiently 
protect wrought iron from corrosion. But, where such pipe requires 
much handling and transportation, the greatest care is in my 
ffidgment, needed to prevent the hardened cement rom breaking 
off from the sides of the pipe, causing their quick rusting and 

obstructions and choking of pipes. _ 

Rustless Wrought-iron Pipe. - Another protective treatment 

for wrought-iron pipe, introduced about twenty years ago, was the 
one known as the Bower-Barff or rustless-iron process. By th 
process the natural surface of wrought iron or steel was converted 
into a magnetic oxide of iron which, from experience, was known 
to withstand the worst possible exposure to air or to fresh water 
or saline solutions. The formation of magnetic oiade of iron was 
accomplished by subjetting the iron in a specially 
the action of superheated steam. In this process no foreig 
terial, paint, chemical or alloy was applied to e m . 
coating is perfectly innocucms, and such rustless pipes may 
heated^ to redness and then plunged into cold water 
injured Such rustless pipes were also claimed to be we a ap 
for carrying hot water. The Bower-Barff process was a rather 
expensive one and in recent years it has not been applied to water 

^ TelXmeans of this process are best joined ^y using 

only oil at the threads, which, after a while 
maLg a tight joint, while, if a mixture of red and white lead is 
applied to the threads and fittings, there is a slight danger of water, 
dlsolving some of the lead, which unavoidably protrudes 

should, perhaps, say a word about the 
so-called “Kalamein” pipe, a pipe coated m a manner similar 

to galvanized-iron pipes. The pipe was made by 

miLre of lead, tin, nickel and zinc, and bringing it m contact wi 

:;:ught-iron pU which has Tat SLd 

the body of the 

tio" but only some very contradictory opinions, concerning it. 


252 THE WATER SUPPLY, SEWERAGE AND 

Lead-lined Wrought-iron Pipe. — This pipe is made in much the 
same manner as the tin-lined wrought-iron pipe, and combines the 
stiffness of a wrought-iron pipe with the smoothness of the interior 
of a lead pipe. But for its high cost it would probably be used 
to a larger extent than is the case at present. In special situations 
this pipe fulfills its object in a satisfactory manner, as, for instance 
for the vent-pipe extensions of pipes in chemical laboratories, where 
wrought- and cast-iron pipe would be too quickly attacked by the 
fumes of chemicals. For supply pipes, too, it is in use to a limited 
extent, although the difficulty of making the joints renders it more 
troublesome to handle. A large line of lead-lined wrought-iron 
fittings is also manufactured. 

Brass and Copper Pipes. — It remains to speak of brass and of 
copper pipes. Both of these should, if usecf for the conveyance of 
, drinking-water, be tinned on the inside, as water seriously attacks 
any exposed brass as well as copper, and the salts of copper, oxides 
as well as carbonates, carried in the water in suspension or in 
solution, are poisonous. Small seamless copper pipes are drawn 
to size in dies, being thus made much stronger than if made by 
rolling up sheet copper and brazing the edges together. Copper is 
very ductile and has a considerable tenacity, but it should be pure, 
for any foreign admixture renders it weak. In tinning copper 
pipes, these should first be thoroughly cleaned and brightened, 
then washed with a solution of sal ammoniac or of zinc in muriatic 
acid, which leaves a bright metallic surface free from oxide or greasy 
matter. 

Seamless brass tubes are made by drawing the metal over a man- 
dril. If used for hot-water purposes, and if it is made sure that no 
hot water from such pipes is ever drawn for cooking, the tin lining 
may be omitted from brass pipes. Coj)per i)ipes are not often used 
as they are very expensive and require special care and skill in 
running them. Brass pipes are nickel-plated and polished wherever 
placed in sight in conspicuous positions, or else plain finished or 
tinned brass pipe is used, but this should be varnished to prevent 
tarnishing. 

Faucets and Shut-offs. — Shut-offs and faucets are special devices 
governing the flow of water through pipes. Broadly speaking, 
we may distinguish in the water-pipe system of a house three kinds 
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of shut-offs: first, taps usually placed at the end of a line of pipe, 
so as to control the flow of water from the pipe at or into a plumbing 
fixture, which appliances are usually known as bibs, cocks or 
faucets; second, fittings placed in the line of a main pipe or of a 
branch’ so as to control, shut off or turn on or regulate the flow 
of water through said line of pipe, which fittings are commonly 
known as stopcocks or shut-offs, and which, according to their 
special construction, may be either stopcocks or else stop valves, 
both with and without small waste or drip openings; and third, 
cocks which are operated either by a ball or else by a float, usually 
called ball cocks, and used in large water tanks and in the smaller 
flushing cisterns to close the supply pipe when the tank becomes 
filled, and to open it again when the water level in the tank falls. 

Each class of cocks, no matter of what special shape or make, 
may again be subdivided into two kinds, according to the principle 
involved in their special construction, namely, into ground bibs, 
or as they are sometimes termed, plug taps, and compression 
bibs or faucets. We distinguish, therefore, between ground-key 
and compression faucets, ground-key and compression stopcocks, 
ground-key and compression ball cocks. 

Ground-key Bibs. —The ground bibs (Fig. 154) are made 
entirely of metal, usually of brass; no washer or soft packing of , 
any kind is required in their operation. In such fittings a plug 
or key is used, of slightly tapering 
form, which has a hole of nearly 
the bore of the pipe, and which if 
turned in a casting, which forms 
the waterway, so that this opening 
is in line with the opening in the 
casting, allows the water to run, 
while if turned at right angles 
to the previous direction it com- 
pletely stops the flow. If partly 

turned the flow is cut off some- ^ u-™ fr,r 

what. The key or plug is made tapering, so ° ^ , 
tightening up by means of a brass set screw if it should leak. 

The ground-key work is objectionable for faucets ns well as bdl 
cocks in the case of gritty waters, which have much mineral sed 
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ment in suspension. In this case small particles of sand may become 
lodged between the brass key and its seat, and the frequent handling 
and turning of the cock soon causes the plug to be cut, to wear 
out, and to become defective, and as a consequence such faucets 
and ball cocks continually leak. Repairs of worn-out fittings are 



Fig. 155a. Fig. 155!). 

Lever Handle and T Handle Ground-key Stopcocks. 


difficult and expensive, and it usually becomes necessary to replace 
a dripping cock by a new one. 

In case of stopcocks for the control of the flow of water through 
pipes (Fig. 155 a and b), ground plugs are not so objectionable 
because they are not often turned. But, if used, it is far better to 



Fig. 156a. Fig. 156b. 

, Round-way Stopcock and Stop-and- Waste Cock. 


employ the so-called round-way stopcock (Fig. 156 a and b), 
which, on being opened, gives a full-bore stream, and hence gives a 
greater discharge from a line of pipe than where ordinary stop- 
cocks are used. A second and equally important objection to 
“ground” bibs is that, if they are turned, the flow of water is so 
suddenly and quickly stopped as to cause a severe shock — techni- 
cally called “water-hammer” — which strains the pipes sometimes 
so much that they eventually burst after being weakened for some 
time. It is, therefore, a safe rule not to use “ground” faucets. 
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wherever the pressure of water in the pipes is great. This objection 
does not refer to stopcocks, as they are not often turned, yet, even 
in their case, “ compression ” stops or stop valves of brass are much 
to be preferred whenever the pressure in the supply pipes is great. 
Compression Bibs.— In the “compression” bibs both objections 

are successfully overcome. 

In these bibs the construction is such that the water is made to 
pass through a pierced diaphragm in the bib (Fig. 157), and the 
flow is checked by tightly screwing down a compressible washer. 



either of soft leather or of rubber, attached to a piston without 
perforation, upon the usually horizontal diaphragm. If the piston 
with the washer is raised from the seat more or less, a flo^of 
water occurs, the force of which can thus be controlled. The 
washer is either attached' to the spindle so as to revolve with it, 
or it moves up and down straight where the spindle has a screw 
operating inside of the plug. The flow of water is, therefore, 
gradually cut off, and when finaUy checked does not cause any 
severe water hammer or strain, hence such faucets are much more 
generally used. In case they become leaky it is owing to the wear- 
ing out of the leather washer, and this is easily replaced withou 
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requiring any great skill. A word of warning with regard to com- 
pression work may not seem out of place. Whenever such bibs 
commence to leak, avoid checking the leak by screwing the piston 
down too tight. This causes the quick wearing out of the screw 
threads, and, if once the latter become damaged, the faucet becomes 
worthless. The proper remedy is to at once replace a defective 
washer by a fresh one. 



Fuller Bibs. — There is an endless variety of compression 
cocks, the majority being operated by means of a piston and spindle, 
worked by a screw, and closing against the water pressure. 

The so-called Fuller compression work (Fig. 158) makes an 
exception to this, for it has a rubber plug or valve, which closes 
with, instead of against, the water pressure, and is operated by a 
lever and eccentric instead of a screw movement. This latter 
kind is well adapted for use, is of excellent construction and make, 
and is easily repaired. For service ])ipes with very high pressure, 
however, it is better to use ordinary “screw-down” compression 
work, to avoid the water hammer which occurs with these faucets 
as much as with the grOund-key bibs. 

Self-closing Bibs. — Besides the ground bibs and the compres- 
sion Cocks which close by hand operation, I ought to mention the 
so-called self-closing bibs (Fig. 159), of which there are a great 
many different kinds in the market. Many of these are operated 
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by a strong spring which causes the closing of the bib as soon as 
the handle Js released. Some close with, others against, the wato 
pressure. These latter depend upon a spring to keep them tig ^ , 
Ld are harder to open. If the tension of the spring relaxes m 
course of time they may leak. The objection which was mentioned 





A Group of Ground-key Faucets. 


in the case of ground-key bibs is true of most self-closing faucets, 
except a few which are slow-closing, namely, the liability of straining 
a pipe system by the too sudden checking of the flow of water. _ 
Self-closing bibs, however, perform a useful function in public 

places, hotels, railroad depots, market-houses, schools, and at 

public drinking fountains, in preventing a reckless waste of water 
and also, occasionally, in preventing serious damage to ceilings an 
plastering caused by accidental overflows. For private residences 
their use is not recommended, except where the prevention of water 
waste is an important consideration, as when the service pipe is 
metered They are somewhat inconvenient in use, necessitating 
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the holding of the bib handle for some length of time, until sufhcient 
water is drawn, and often requiring a strong pressure to counteract 
the tendency of the spring to close the bib. On hot-water pipes, 
self-closing faucets should not be used, because, if the circulation 
is at all active, the lever handle may become too hot to touch. 

Wherever self-closing or ground-key bibs are used it is a good 
precaution to adopt air chambers at the end of branch pipes in 
order to counteract the effect of water hammer, but, in adopting 
this safeguard, it should be borne in mind that air vessels are seldom 
effective, unless charged with air at frequent intervals. Many 
self-closing bibs are unreliable and not very durable. 

The illustrations, Figs. i6o, i6i, 162, 163, exhibit a number of 
faucets, of the four types mentioned, as they are made for use with 
different plumbing fixtures. 

Types of Faucets. — To describe minutely all the various forms 
of cocks illustrated and by means of which water is drawn at the 
different fixtures in a house would lead me too far, and a few 
minutes’ study of the illustrations in catalogues of plumbers’ brass 
goods will explain all I would have to say far better than I can, 
but the above illustrations will give a fair idea of the large variety 
in styles. 

For wash basins and also for double jiantry sinks a swing cock 
is very much used which is technically known as a “ground-key 
basin cock.” This has a movable outlet tube, swinging around a 
vertical axis, and is so constructed that, when the tube is turned 
over the basin, the cock is open, permitting tlie water to flow into 
the basin. By turning the tube to either side the water is shut off. 
Such faucets are very convenient and were at one time used quite 
extensively, but they do not last long in the case of water containing 
much gritty sediment, and soon commence to wear out and drip. 
The compression and self-closing basin cocks are now largely 
preferred. In both kinds the outlet tube remains stationary over 
the basin edge, and the water is turned on or shut off, generally, 
by turning a handle, but sometimes by pressing two handles together. 
There is also a basin compression bib made which opens when 
swung over the basin and closes by being turned. 

Bath tubs are sometimes supplied by two single bath bibs, which 
may be either of the ground-key or the compression pattern and 
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which have a short spout turned downward, so as to deliver water 
into the tub. Such bibs are designated as plain, if made so as to 
be soldered to lead pipe, or else as flange and thimble bibs, the 
latter having a brass or plated thimble, which is soldered to the 
lead pipe, while the bib is screwed into the thimble, making a 
neatly finished job, or finally as screwed bibs, for attaching to 
wrought-iron or brass pipes. 

Within the last few years the custom has become more general 
of supplying bath tubs by means of double bath-cocks, or combina- 
tion cocks with two handles and with a single outlet nozzle, through 
which either cold or hot, or mixed water is delivered. The outlet 
tube is generally provided with a thread, for attaching a hose nozzle, 
the other end of the hose having a rose shower, which takes the 
place of the old-fashioned overhead fixed shower. Such mixing 
nozzles are quite convenient and do away largely with the steam- 
vapor nuisance. 

Bath tubs are also supplied at or near the bottom of the tub by 
means of a bell or fan supply. Such an arrangement prevents 
the damage so frequently done to enameled or copirer tubs when 
water is drawn into pitchers by careless servants, and it also avoids 
the noise occasioned by filling a tub from bibs placed near the top. 
On sanitary grounds, however, the devices for filling bath tubs at 
the bottom cannot be recommended, for the of)cning of a faucet 
on a floor below may cause the dirty water to be drawn from the 
bath tub into the, supply pipe by siphonic action and thus result 
in the contamination of the water supply. A check valve would 
prevent this, but it cannot be relied upon to work forever, hence 
it is safer to supply a bath tub from the top of the tub. 

Concerning faucets in general, it may be well to warn against the 
many cheap varieties made to meet the existing sharp competi- 
tion. It will be best and most economical in the end to buy 
only bibs of superior material and workmanship, even if they cost 
more. 

For kitchen sinks and wash-trays similar bibs as those for bath 
tubs ase used, and they may be either of the compression or ground- 
key variety. For sinks the handles are placed on top, and for 
wash tubs on the side, of the bib. It has been usual, in the case 
of butler’s-pantry sinks, to use tall and upright faucets having a 
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long tube turned over and downward at the top, thus enabling 
servants to put a pitcher underneath for filling, but the drawback 
to these is that the gooseneck becomes loose and leaky in t ® 
and for this reason the regular style of sink faucet is far preferable. 

Materials for Faucets and Finish. — So much about the kinds 
of bibs. As to the material, different makers employ slightly 
different alloys. Common brass is ordinarily used, but for the best 
work phosphor-bronze, steam metal and gun metal, the latter 
particularly for stop valves, are adopted. Stopcocks are usua y 
brass-finished, and faucets for sinks, bowls or tubs are ordinari y 
finished and polished, or, where the slight difference in expense is no 
objection, it is usual to cover and brighten them with either a silver 
or nickel plating. There is some difference in opinion as to which 

of these is preferable. 

The plating by either process, if carelessly or poor y one, w 
not last long, particularly if servants do not obsem cate m cletm- 
ing the polished faucets. As a rule, 1 find it is easier to obtain from 
the makers a good and lasting nickel plating, but excellent-looking 
silver plating may be obtained, done especially to order and guar- 
anteed to lafr many years. Of late years, faucets of a ^ 
called “silver metal” or white metal, have been introduced. If 
“ell finished tmd polished, such a faucet looks fully as hand»me 
as a nickel-plated one, and has the advantage of not becomi g 

worn off by frequent rubbing. _ 

Valves. —Ground-key and compression stopcocks have been 
commonly used in the past in pipe lines to control the flow of water. 
While thiy fulfill their purpose tolerably well where the Pipes are 
^all, it is nowadays considered the better practice to use valves 
on all large distributing lines and on the mam supply service. 

There are two kinds of valves, namely, Ae gate valve (Fig. 164) 
and the globe valve (illustrated in section in Fig. 165). The ch 
advantage of the gate valve over the globe valve is that 1 give 
a fullsizL water way when entirely open. The 
dobe valves is that in case of gritty waters the soft disk can b 
quickly and economically replaced when worn out. It is obviou^ 
that a globe valve is otherwise inferior to the gate ya ve 
t lestrffy restricts the.flow, and causes greater friction because 

the water passage is not strai^^^^ A further objection is that the 
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body of the valve is so shaped that it retains some water and hence 
does not permit of the complete draining of a pipe line. 

There is, however, one special form of globe valve with disk 
and valve seat which gives almost as unrestricted a flow of water 
as the gate valve. This is the angle valve, which has its two open- 
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Fig. 1,65, Sectional View of 
Globe Valve, 


Fig. 164. Sectional View of Gate Valve, 


ings, inlet and outlet, placed at right angles. It is the handiest 
form of valve to use at the suction end of pumps. In the smaller 
sizes (J and | inch) it is also much u^d to control the branch 
supplies to plumbing fixtures. 


[I 
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Swing check valves are illustrated in. Figs. 166 and 

CUtems. - All plumbing fimuies into which human 

waste matters are passed -water^bsets, ^ 

-should always be thoroughly flushed by a separate flushmg eas^. 
Of these there Is such an endless variety that I shall not attempt 



FIG. 166. Section of Horizontal Swing Check Valve. 


to describe them beyond stating that some are emptied by the 1 
• V on of valves wWle others are discharged by means of siphons. 
We thus have two principal classes, valve and siphon cisterns, 
lach may be operated in a variety of ways, either by a simple cham- 



Fig. 167. View of Check Valve. 


and-puU handle, or by a lift “r'dt^tuhti^ 

seat action, or by the opening and shutting 

closet compartment. . j r „ -Uell Vnnb with wire buried 

.tSf’rrsrrss.-.’C- - — 
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by a pneumatic tube and a push-button device; in another inven- 
tion a knob, upon being pressed, starts an electric current which 
in turn causes the siphon in the cistern to operate. As a rule 
each closet is sold with a special cistern, which it is best to buy 
with the water-closet fixture, and in fitting up the complete 
apparatus one should follow closely the printed directions of the 
manufacturers. 

A new combination automatic and pull tank is shown in illus- 
tration, Fig. 1 68, and its supply arrangement more in detail in 
Fig. 169. Such a device is particularly useful in hospitals for the 
* insane, where it is found that in some wards the patients will think 
of pulling the chain, whereas, in other wards, the automatic flush 
must necessarily be used. The same appliance would be service- 
able in toilet rooms of schoolhouses. I have found this type of 
tank very useful in houses where servant’s yard closets are not 
sufficiently protected against freezing. Normally, the pull flush is 
used, while in very cold weather the automatic flush is turned on, 
whereby the closet is kept from freezing. 

Flushometer Valves. — In recent years a substitute for the 
common flushing cistern with flush pipe has been introduced, and 
is known as a flushometer valve. There are several makes and 
types of these. They require a very large supj)ly, not less than 
inches and a full pressure of water. Some of the valves are 
adjustable for a high and a low pressure, and moreover can be set 
so as to operate with a smaller or larger quantity of water. On an 
average, they discharge about 5 gallons at each flush, though I 
have been showp some which flushed a closet bowl successfully with 
less than 3^- gallons. 

The flush valves in buildings should be supplied from one sepa- 
rate large service tank and require an indej)endent system of pipes, 
all of which tends to render their installment as expensive, or even 
more so, than overhead or high flushing cisterns. Some makers 
claim as an advantage that they flush noiselessly. My experience 
has been that when this is the case the flush is feeble, unsatisfactory 
and sometimes insufficient to clean the water-closet bowl properly. 
Flushometer valves, the operation of which appeared to be satis- 
factory, made as much noise as the high tank with long flush pipe. 
I therefore cannot brilxg myself to be in favor of them, except in 
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rare and special instances. Urinals and slop-sinks have also been 
arranged to be flushed by means of such valves. 

Low-down Tanks. — Water-closets are also sold with flush tanks 
located just above the top of the closet bowl, and such fixtures are 
known in the trade as low-down tank combinations. They are* 
installed where sufficient headroom for a high tank is lacking, 
for instance, under stairways and in attic bathrooms, with low 
pitched roofs. This type of flushing tank requires a large connec- 
tion to the closet bowl, which must be specially manufactured. 

I have found them to operate very noiselessly and in general 
satisfactorily, so that I prefer them to the flushometer valve 
closets. 

Sizes of Supply Pipes. — As regards the sizes of service pipes for 
domestic water supply, the almost universal custom of plumbers 
is to put in pipes of insufficient caliber. Instead of following the 
correct principle of “small waste pipes and ample supply pipes,” 
the usual foolish practice is to use waste pipes of too large and 
supply pipes of too small bore, thus working a twofold harm. 

Again, it is too often the case that no proper consideration is 
paid to the adjustment of the various sizes of distribution pipes in 
a building. This question has a special bearing on high buildings 
and large office, factory or warehouse structures. In the case of 
ordinary two-story and attic dwellings the matter is not of great 
importance; yet even with these a certain saving may be effected 
by proportioning the different parts of a line of service pipe to the 
duty it has to perform, in other words, by making a line of pipe 
and its branches of such sizes that, no matter how many faucets 
are opened on different floors simultaneously, water will flow freely 
through each of them. 

Every householder knows the annoyance of trying to fill a wash- 
bowl or a bath tub when water is being drawn at some fixture on 
one of the floors below. This whole question belongs essentially 
to the science of hydraulics, and to solve the problem successfully 
it requires a close study of the laws governing the flow of water 
through pipes of various areas and under variable heads or pres- 
sures. Houses piped scientifically afe not often to be found. The 
average mechanic or so-called “practical man” has too profound 
a distrust or contempt for everything savoring of theory to be 
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induced to look into this question, which is, in its results, decidedly 

TTtnZlg internal diameteta fo, anpply pipaa 

Tt. site of the main lines depends npon 

the number of branches taken from them, but also "P°“ ' ' 
mentioned conditions, and it will not be necessary to discuss these 
For a kitchen sink it is usual to run a Mnch service pipe for a 
nantrv sink a J-inch pipe is ample, for a washbowl a ,.mch pipe, 
for a L of laundry tubs }- to i-inch pipe, for bath tubs a i-nrch an 
for water-eloset cisterns a 1-inch pipe, a ways “Pl>'>™8 * 

house is supplied under the ordinary tank pressure. Fixtu 
frequently supplied with pipes of smaller bore, but the resul mg 1 - 
suX enfy of tL water supply is one of the usual defects in ordinary 

« le-l P<P“ « “ 

follows; . 

^-inch pipe, 2 pounds per runnmg foot, 
f-inch pipe, 3 pounds per running foot. 

|-inch pipe, 4 pounds per running foot. 

Insufficient strength and weight of supply pipes frequently cause 

nr:oftrSe ^txaps. -The customary sizes of taps for the 

supply irbe'SrLsTd'by enlarging 

::X?n:medi:te^ at the tap. Diagrams 

giving the delivery of water under such conditions are 
fn cLpter VI, so that it does not seem necessary to refer to the 
Tk this nlace. Diagrams for the discharge of service pipes 
. consideration of the size of the tap) are given in Chapters 

^^Pipe^^Joints. — A few words should be said m regard to the 
^ if tnfllrina nine ioints. When lead service pipes are used, 
should be wiped solder joints, in which an “ 

solder is wiped - ^ ^ supply pipes, 

cup joints are not so strong and shou lead 

"r^SetSd pipes and brass stopcocks should 
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be wiped with solder. In making such joints the plumber must 
avoid the falling of raspings and filings into the pipes, which, when 
lodged under the valve seats, cause damage to washers and obstruc- 
tions to the free flow. 

Lead and wrought-iron pipes cannot be soldered together, hence 
a brass ferrule or screw nipple is used, which is soldered to the lead, 
and screwed tightly into the fitting or on the wrought-iron pipe. 
In the case of tin-lined lead pipes it is better to use special tinned 
brass ferrules and tees to join them, as explained heretofore. 

If wrought-iron service pipes are used, joints are made by cutting 
screw threads on the ends of pipes and connecting pipe ends with 
couplings or fittings, as the case may be. Usually a paste of red 
and white lead mixed is used to act as a lubricant and to make up 
for imperfections in the threads when the pipes are screwed up 
tightly with pipe wrenches or pipe tongs. Sometimes linseed oil 
only is used, which, after setting hard, makes a tight joint. 

Enameled wrought-iron pipes should be put together with liquid 
black enamel, and in joining tin-lined wrought-iron pipes the 
special tinned brass ferrules, sold with the pi])e, should be used. 
Brass service pipes are connected by means of screw joints, a paste 
of red lead being put over the threads to insure tightness of joints. 
A good precaution where a house is piped with wrought-iron service 
pipes is to insert in suitable places a number of right- and left-hand 
sockets, or, still better, ground union couplings, to allow of removing 
a length of pipe for repairs, or alterations, without taking down a 
whole line of pipes. As soon as the piping is finished it should be 
tested by turning water into the pipes, and applying a heavy pressure 
by means of a hydraulic testing pump and gauge. Any leakage 
indicating imperfections in the joints or defects in the l)ipes should 
be remedied at once. 

General Arrangement of Water Pipes. — The arrangement of the 
supply pipes in a house is, so far as subsequent annoyance, owing 
to the constant necessity of repairs, is concerned, one of the most 
important matters connected with its water supply. Far too little 
attention is, in the majority of cases, paid to it by architects and 
builders. 

In the first place, it is important that all lead and also tin-lined 
and block-tin pipes be well fastened to boards or narrow strips of 
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wood, nailed to walls or ceilings. Vertical lead pipes should be 
supported by soldering hard metal tacks to the lead pipes and 
fastening them with screws to the board. All sagging is thus effect- 
ively prevented, provided the supports are not placed too far 
apart. Horizontal or graded lead pipes should be firmly supported, 
wherever possible, throughout their entire course, by strips of wood 
on which they rest, and should be kept in place by brass straps 
or clamps. Sometimes it is necessary to fasten horizontal lead 
pipes to boards nailed to the under side of ceilings. In such a case 
the supports must be placed very close together — say every two 
feet. If insufficiently fastened, lead pipes are soon dragged down 
by their own weight, besides being affected by changes of temper- 
ature, for when hot water passes through the pipe it causes the pipe 
to lengthen and hence to sag, while lead does not return to its 
original shape on cooling. Once out of line, pipes become air 

bound, or freeze in winter and leak. _ 

Ordinary hooks should never be used in fastening lead pipes. 
Hot-water lines should always be so fastened as to allow for expan- 
sion and contraction, hence it is better to use brass straps in place 
of tacks on lead pipes. Brass or wrought-iron pipes need no 
continuous support, but should be put up by meam of tdjustable 
iron- or brass-pipe hangers, which make a neat and finished loo - 


The aim should always be to make the whole arrangement of 
supply pipes as simple, compact and direct as possible. It has been 
truly remarked that “the course which water pipes take in a house 
often proclaims the skillful mechanic.” ‘Long horizontal runs 
under floors should be avoided wherever possible. All lines should 
be arranged neatly and laid out so that they do not cross each other 
or dip one under the other. No line of supply pipe should have 
unnecessary depressions or dips, in which water stands which it is 
difficult to drain, nor should it be bent up in its course, thereby 
becoming air bound; and while this rule applies to all lines, it is 
particularly important in ffie case of hot-water pipes to avoid an 

interruption in the circulation. , ^ u 

Hot- and cold-water pipes should be kept at least one inch, 
and better several inches, apart, to prevent loss of heat from one to 
the other Where they run in the same direction, they should be 
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fastened truly parallel to each other. Faucets, and in particular 
ground-key and self-closing bibs, should not be placed at the end 
of a line of supply pipe, where this can be avoided, but should be 
taken from the side of the pipe, and the pipe suitably continued so 
as to form a small air chamber. 

In arranging a system of service pipes in a dwelling the cardinal 
rule should always be observed that all lines of supply pipes be so 
graded that they may be readily and completely emptied at some 
stop-and-waste cock or draw-off faucet, when the water is shut off 
from the house. This is very important in the case of very severe 
cold weather to prevent the freezing of pipes, as we shall see further 
on, and it is an absolutely necessary condition in the case of all 
houses left empty during the winter months, such as summer and 
seaside residences, etc. In this connection it may be well to state 
that no check valves should, as a rule, be used in lines of supply 
pipes. Where used, their number and location should be remem- 
bered and noted by the house owners, for such check valves inter- 
fere with the complete emptying of the pipe lines. 

This leads me to mention the importance to the house owners 
and- tenants of having a plan of the water supply of the house for 
reference in case of accidents, repairs 01 alterations, which plan 
should show all lines of pipes, all stop valves, faucets, location of 
fixtures, check valves, etc. I would also point out the necessity of 
having stop-and-waste cocks arranged in accessible [rlaces, to fo- 
late and shut off each branch line separately, thereby avoiding the 
annoyance and inconvenience of having the water shut olf from the 
whole house for hours at a time, or even longer, when perhaps a 
slight repair is required at a single fixture. This also applies to 
such lines which supply portions of a house which are particularly 
exposed, and which it may be desirable to shut off without inter- 
fering with other fixtures in the house. Iq, the best work stopcocks, 
for both hot and cold water, are arranged at each fixture and at 
each flushing cistern to enable one . to shut off any one of them 
separately. 

Another principle which should be strictly observed is to arrange 
all service pipes so as to be readily accessible. Therefore water 
pipes should always be run in sight above the basement or cellar 
floor and be kept out of partitions, board and parquet floors, and 
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not buried in plaster work where it is diflS.cult to get at them in case 
of needed repairs. 

Many architects and builders prefer to hide or bury the pipes, 
but I consider this a great mistake, which many a house owner has 
found out when too late, by costly damages to his property. 

It is better to insist upon having all pipes in plain sight; not only 
is the advantage secured thereby of being able to trace the course 
of every pipe in. case of inspection without the necessity of moving 
boards or cutting plastering, but the very fact that all piping re- 
mains in open view compels the mechanics, plasterers, painters, 
carpenters and plumbers to finish their work in a superior manner. 
Without doubt, leakages are less liable to remain unnoticed if all 
pipes are arranged in sight. 

In rare cases it may be necessary in passing through principal 
rooms on the parlor floor to cover the pipes up by a finished board 
or casing which should be hinged and be formed like a narrow 
paneled door which can be readily opened. Sometimes pipes must 
be run for a short distance between floor and ceiling. In this case 
they should not be fastened to the beams, but be laid on boards, 
put on strips nailed to the side of the joists, and properly graded. 
The floor boards should be fastened down with screws or else trap 
doors should be arranged so that one may be able to get at the 
pipes without difficulty. Usually pipes may be left fully exposed, 
and there is nothing unsightly in a well-finished job of^ piping. 
If desired, wrought-iron service pipes may be bronzed or gilded for 
appearance’s sake. Brass pipes may be shellacked, which protects 
them against corrosion. In the most expensive work such pipes 
are nickel-plated. Lead pipes may be varnished, but in no case 
should lead or brass pipes be painted. 

In case of large buildings and especially where many different 
pipe lines are carried up in special pipe shafts, it is well to label 
each pipe and stopcock to insure its correct use at times when 
needed. It is impossible to foresee when the pipes in a building 
may want looking after, and it is the part of wisdom to make pro- 
vision for such occurrence by keeping the pipes and stopcocks 
where one can lay hands on them in case of an accident.^ It 
always pays to do so, and where one meets with strong objectioi^ 
against an open arrangement of pipes, an explanation that it is 
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more economical to do so, in other words, an appeal m the interest 
of the owner’s pocketbook, generally secures his consent. 

Wherever supply pipes necessarily must run between floors and 
over expensively decorated ceilings, it is better to provide a zinc 
safe properly graded, enclosing the service pipe, and arranged with 
a drip pipe to carry off leakage, or water from condensation in the 
case of iron pipes. As a rule, however, it is better to arrange the 
entire pipe distribution at the basement, or sometimes at the cellar, 

^^Prevention of Noise and Water Hammer. — One of the require- 
ments of a good plumbing system is that it should be perfectly 
noiseless in all its parts. It is, however, a rather dillicult matter 

to accomplish this. , , ■ , , 

Noises in plumbing pipes and fixtures arc of dillerent kinds and 

due to a variety of causes. Sometimes the water pipes transmit an 
objectionable noise, heard more or less throughout the whole house. 
At other times it is the kitchen boiler which emits rumbling sounds. 
Many water-closets have a very noisy flush, or the flushing cisterns 
refill after emptying, with a loud noise, or the ball cock emits a 
whisking sound. Again, the noise of water flowing through a soil 
or waste pipe may be heard in a reception room or library, or where 
water is pumped the pump riser may transmit the noise due to the 
operation of the pump, or one may hear all over a house the noise 
due to the filling of a bath tub, where the bath bibs are placed near 
the top of the tub. Finally, the shock due tc) water hammer in 
pipes may be transmitted and annoy the inhabitants of a dwelling 

or apartment. . rn- u 

For some of the noises mentioned the remedy is not diihcult to 

find and easily applied, but in other cases the abolishment of the 
noises may puzzle even the best experts. 

Noises in the kitchen boiler have been referred^ to under the 
description of the hot- water apparatus. 'I'lie noisy refilling of 
cisterns may generally be stopped by providing the water-inlet pipe 
with a so-called “hush pipe.” It is difficult to stoj) entirely the 
noise, caused by the flushing of water-closets and due to the falling 
water, which in passing through the flush pipe must drive out the 
air before it. The “Sanitas” closet is probably the most noiseless 
closet on the market, this being due to the special arrangement 
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adopted, whereby the flush pipe is always kept full of water, so 
thaf there is no air to drive out (see Fig. 83). In other closets 
like the “Silentis” closet of Mott’s, the flush pipe is provided at 
its lower end with a regulating screw, the adjustment of which 

reduces the noise, but also the force of the flush. _ 

It is generally practicable to deaden the noise, due to water 
flowing in waste and soil pipes, by covering the 
quality of non-conducting covering, where they pass through pa 
dons or in wall chases having only a thin board covering. 

The pump riser may be made noiseless by using air chambers 
at the pump, by setting the pump on a felt mattress by adopting 
1 der. of eio-sttong flexible rubber bose iustead of st.f .ron- 
pipe connections at the discharge pipe, and finally by wrapping 

■nnTYiD riser with, a suitable material. 

The noise due to the water falling into the bath tub may be 
avoided by supplying the tub near its bottom by means of a bell 

wLrth^water pressure is very heavy, but also instances 

the faucets sometimes emit a roaring sound, especially when opene 
oMv part of the way. Very often this is caused by loose washers 
L the Si particu Jly so in the case of the Fuller faucets; in some 
instances however, the noise is due to a part in a shut-off on the pipe 
line having become loose. At other times a jarring and vibration 
of the supSy pipe occurs, combined with more or less noise. _ In 
such cases it should be remembered that the materia o t e pipes 
has nothing whatever to do with it. A little careful watching as 
lo the exact .position where the noise originates will generally help 

to indicate the remedy to be applied. 

Noise in the water pipes due to water hammer can usuaUy b 
effectually stopped by the use of pipe air chambers placed directly 
at the fiicetror a spiral tube device, known as an anti-water- 
li:tr Tt— 4 used and fltted up directly where the 

water service enters the dwelling. 

Water Hammer in Pipes. — When water flows threugh a pip 

under pressure checked or shut 

Iff'Jirmdm Causes a shock, not only at the valve gate but 
also in the water pipes, which is technically termed water hammer. 
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Experiments have confirmed the view, held by practical engineers, 
that air chambers of suitable size and capacity act as cushions and 
thus tend to greatly reduce the force of the water hammer. Where 
the water pressure is very great, it is advisable to use stopcocks 
and gate valves which close very slowly. Under such conditions, 
compression faucets are much to be preferred to ground-key. 
Fuller or self-closing bibs; lire hydrants should always be shut off 
very slowly. The more time is taken to close a faucet, valve or hy- 
drant, the smaller will be the impact. The maximum pressure due 
to water hammer is sometimes ten to twelve times as high as the 
initial pressure, and, even where good air chambers are used, the 
pressure sometimes reaches four to five times the static pressure. 

Air chambers are vessels, or vertical pipe enlargements of suit- 
able size, attached to supply i)ipcs, either at their extreme upper 
ends, or very near the faucets, and containing an air cushion which 
is intended to receive a part of the blow, due to water hammer. 
Water gradually absorbs the air of these air chambers and hence 
proper provision should be made for recharging them. Horizontal 
pipe extensions intended as air chambers do not fulfill the object 
for which they are put in. 

Important experiments on water hammer were carried out some 
years ago at the Imperial University of Moscow, at the suggestion 
of the late Mr. Nicholas P. Simin, when chief engineer of the Mos- 
cow water works, and under the direction of Prof. N. Joukowsky. 

These experiments were jnade on an elaborate scale, and the 
results were summarized by the author as follows : — 

1. Hydraulic shock is propagated along a water pipe with a 
constant velocity. The velocity does not depend on the force of 
the shock, but upon the material of the pipe and upon the ratio of 
the thickness of its walls to its diameter. Tlie velocity of propaga- 
tion of the shock wave is somewhat smaller for large pipes than 
for pipes of medium size. 

2. Hydraulic shock is propagated in a pipe with a uniform force. 
With the usual cast-iron pipe of medium diameter, a pressure is 
created by the shock equal to four almosiilieres (5(> lbs.) for each 
foot per second of velocity lost; in large j)ipes it is smaller, viz., 
three (44 lbs.) atmospheres. 

3. The shock is determined only by the lost velocity. 
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4. A dangerous increase of pressure due to shock arises in the 
passage of the wave from large to pipes of small diameter. n 
wav the pressure of the shock may be doubled when it reaches the 
did end o. .he pipe. The .eenedy is use leng ;nc.eas.ng 0. 

reducing fittings in place of the ordinary hvdraulic 

6 . The simplest means to protect water pipes from hydraui^ 

shock appears to be to use devices to secure a slow closing 

^ThTduration of the closing must be proportional to the 

^^^Regardi^^ air chambers, the report states that if they are of 
proper dimensions and if they are placed 

cods they destroy almost entirely hydraulic shock and do not permit 
Te ilc/waves^ pass through them when - W 
the line of the pipe. But the preservation of air m the chamb 

'Taft^vai^es placed upon the line of pipe allow to pass by them 
only a shock corLponding to the elasticity of the spring. (See 

holders or tlHSates ^d exposed si«- 

in a newly erected residence. ^ 

ations much damage instructive and useful to 

plumbing work. It w ^ to be taken to avoid 

consider what measures p apparatus generally, 

the freezing of water pipes and of the pluming pp^ ^ ^ 

”ir:St or else hy heepiug opeu. on extrenrely cold days, 
"p(p“for«rrerTn“i;e outside of walls or in 
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places where they could be affected by frost. If necessarily placed 
where they are exposed, they should not come in direct contact with 
external walls, which are easily penetrated by the cold, but should 
be fitted up on boards nailed to narrow strips, fastened to another 
board attached to the walls. The air space between protects the 
service pipes to some extent. It is well to plaster the wall in such a 
case and to fasten the boards to the plastering. In addition to this 
it may be well to wrap the pipes up with non-absorbent, non-com- 
bustible, non-conducting material, such as felt, asbestos, or mineral 
wool. 

Cold or exposed places in basements or cellars, and spare rooms 
in upper floors, should not contain any service pipes. Such pipes 
should also never run in front of cellar windows, especially at the 
north and west side of the house. In country or suburban residences 
it is well to fasten the cellar doors before cold weather sets in, and 
to see to it that all windows are closed and broken windows repaired 
in order to retain the warmth of such jdaces. 

The open arrangement of fixtures, wdiich I have recommended 
on sanitary grounds, is also of some usefulness in preventing traps 
or supply pipes from freezing. For the same reason it is better to 
kdep pipes out from between joists, and to run them exposed along 
ceilings of pantries, kitchen or the laundry where the temperature 
of the air is generally higher. All pipes exposed to cold-air currents 
in shafts are very liable to freeze unless suitably jracked. 

Where service pipes are run in chases or recesses in walls, or in 
vertical hollow flues between the studs of partitions, it is very neces- 
sary that all upward currents of air from the cellar be prevented, 
and all draughts cut off, by closing up the openings between floor 
and ceilings on all floors, with plaster-of-Paris, cement, or otlierwise. 
This is a matter frequently neglected where plumbing is boxed up 
and hidden from view, and the consequence is the continuous freez- 
ing of pipes at every cold spell, even where they are, to all ai)pear- 
ances, properly located. 

But even where plumbing work is properly located and the pipes 
well arranged, it may become necessary to oljserve certain other 
precautions to prevent the freezing of pipes. A popular remedy, 
but one which cannot be approved of as it causes an enormous 
waste of water, is to keep some faucet open during cold nights. 
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allowing the water to run into the fixture. This plan, while avoid- 
ing successfully one evil — the freezing of the supply pipo very 
often causes in the end the same serious annoyance, and often 
damage from overflow owing to the freezing of the waste or soil 
pipe. It has come to be usually regarded as unobjectionable to 
locate soil or waste pipes in exposed or outer walls, the supposition 
being that, as they never contain any standing water, there is no 
danger of freezing. This is true, but it does frequently happen, 
where such pipes are put in exposed places, that a very slow, trick- 
ling flow of water from a faucet passing through the pipe becomes 
chilled, freezes and causes an obstruction to the soil pipe. Hence 
it is a wise precaution, before winter sets in, to examine all faucets 
and water fittings, and to repair those which are defective and 
dripping. 

It is also important to ascertain whether all stopcocks and shut- 
offs are in proper working order and readily accessible. If this is 
the case, the best preventive measure against the freezing of pipes 
in very cold weather is the shutting off of the water supply, and the 
complete emptying of the pipes. It wiU now become apparent 
why the proper and careful grading of all service pipes so that they 
can be completely emptied is recommended. It will also be under- 
stood why sags or depressions in a line of water pipe of a house 
unoccupied during the winter season may cause the bursting of a 
pipe, and damage the ceiling when the water is again turned on in 

the spring. 

Where the system of water supply of a dwelling is arranged as 
heretofore described, the emptying of the pipes is accomplished as 
follows; First, shut off the main street supply at the cellar wall, 
open the draw-off faucet (in case there is a stop-and-waste cock 
the water runs out at the small waste hole) and turn open those 
faucets which are located on the rising maiii line. This last pre- 
caution is necessary in order to completely drain the pipes. House- 
holders often simply shut off the main supply, forgetting to empty 
the pipes, which consequently remain full of water, and freeze. 
The next thing to do is to empty all pipes supplied from the tank. 
Where the latter is located in a Warm corner, the water may be 
retained in the tank; and the rising main is emptied by closing the 
stopcock at the tank or the cistern valve in the tank and opening 
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the lowest faucets when the pressure of air supplied through the air 
tube, which ought always to be provided, causes the water to flow 
out at the taps. If the tank must also be emptied, this should be 
done by means of the large blow-off pipe, and not through any of 
the smaller service pipes, which may become partly or entirely 
choked with sediment from the tank. 

Care of Tanks. — Tanks and cisterns should always be located 
where they cannot freeze, and where they will be easily accessible 
for inspection and cleaning. Their overflow pipes, if carried into 
the open outside air, should be protected against cold draughts by a 
hinged flap valve placed at the mouth of the pipe. The operation 
of cleaning should be performed at least every three months, if 
drinking-water is drawn from the tank. It is better, however, to 
draw drinking-water at the pantry sink, which should be supplied 
from direct pressure. It is a good plan to fit a well-made cover 
QYQx the top of a drinking-water cistern, but in this case aeration 
should be provided by carrying two i)ipes from top of tank to above 
the roof. The weight of a large tank should be properly distributed. 
Where the tank is located over a good room, or an expensively 
decorated ceiling, a safe of sheet lead or zinc, with well-turned-up 
edges, should be placed under the tank, and a large drip pipe should 
run from it to the nearest fixture, to discharge any accidental 
leakage. 

Service Pipes. — The term service pipe should be used only when 
speaking of the supply line which carries water from the street 
main into the building. The service pipe ends just inside of the 
cellar wall. The pipes supplying the plumbing fixtures in a build- 
ing should be called house-supply pipes. 

Regarding the best arrangement of the service ])i])es outside of 
the house, the rule should be followed to lay all such service pipes 
sufficiently deep in the ground to be below frost level, at least 
four and one-half feet in the New England Slates, and not less 
than three feet in localities which do not experience very severe 
winter weather. 

Street mains are sometimes placed at a lesser depth, because of 
the fact that the water in them is constantly in motion. Where the 
main, as is sometimes the case, is only three feet deep, the service 
pipe should be protected at the junction and turned down until 
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it reaches the above-mentioned depth. In entering the foundation 
walls of a building, it is best to insert a cast- or wrought-iron pipe 
of larger bore, through which the service pipe may pass, the joint 
between the wall and the pipe sleeve being made water-tight. 

It should be mentioned that in some made or filled-in ground 
containing cinders, chemical refuse, lime, or furnace ashes, pipes 
of wrought iron are subject to a very rapid corrosion. To avoid 
this, the pipes should be painted on the outside, and placed m clay 
puddle or be covered all around with cement or sand. 

Connections with the street main are usually made by inserting 
a corporation stopcock by means of a tapping machine. The 
corporation stopcock is a brass fitting, which is sometimes driven 
and sometimes screwed into the main pipe. It should have a u 
waterway. In the smaller sizes a main coupling connects the lead 
or galvanized-iron service to the tap, short pieces of bent pipe being 
inserted to attain a certain degree of flexibility to prevent breaks 
from settlements in the trench. For larger sizes a pipe loop, made 

of short pieces of pipe and elbows, is used. 

Until quite recently the corporation tap used in New York City 
was of a type which practical engineers condemned as being very 
defective. It was merely a brass tapered hollow plug, driven into 
a hole drilled into the shell of the street water pipe, and it very often 
and very readily became loose and leaky in consequence of a strain 
on the service pipe. A large part of the enormous water waste 
occurring in New York City is doubtless due to this faulty method 
of connection, which is not used anywhere else to my knowledge. 

It is always advisable to arrange for an outside or sidewalk shut- 
off cock or valve on the service pipe, so that the water may be shut 
off from a building without entering the same. This also obviates 
the necessity of the city Water Department digging down to reach 
the corporation cock to shut off the water in case of need. 


Two matters, which are of much importance in connection with 
the water supply of habitations, and which require special m^han- 
ical equipment and installations, have not been gone into. One is 
the household filtration of water, by means of mechanical or pressure 
filters for the general supply, and by the use of germ-proof filters for 
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the limited supply of drinking-water. The other is the selection of 
power motors for the lifting, or pumping, of the water into the house 
tanks, and which comprise caloric or hot-air engines, gas pumping 
engines, hand pumps, steam and electric house pumps Some of 
the more frequently used house filters are, however, i ustrate in 
Fio-s. 170 and 17 1, and an electric screw house pump in Fig. 170. 
For other house pumps see Figs. 186, 187, 188 and i 9 m 

^'tL pumping of water for country houses by means of hydraulic 
rams or engines, by windmill pumps, by air lift and other devices 
and isolated water-supply plants in general are discussed in the 
author’s book, “The Sanitation, Water Supply and Sewage Disposal 
of Country Houses.’’ 1909. 

The next chapter will deal more in particular with the water 
supply of large city buildings. 



CHAPTER VI. 

THE WATER SUPPLY OF LARGE MODERN CITY BUILDINGS. 


Mechanical Equipment of Large Buildings. — The mechanical 
equipment of modern large city buildings has been the topic of 
many discussions in recent years, but while much attention has 
been given to the steam-boiler plant, the heating and ventilation 
system, the elevator equipment, the electric-light and power instal- 
lation, and the refrigerating machinery, the water supply and inci- 
dental fire protection of such buildings have usually been passed over 
with only a few words. 

The Water-supply Plaht. — Of all the comjdicatcd engineering 
equipments of large buildings the water-supply plant is, in my 
judgment, second to none in importance. Not only is the supply 
of wholesome water for drinking a very essential sanitary require- 
ment, but the running of the boilers, of the hydraulic elevators, of 
the refrigerating and ice-making machinery, and of other apparatus 
depends upon a proper and abundant water supply. 

A modern large building, be the same an office or other commercial 
building, a department store, a hotel or a hosjjital, requires the 
planning and construction of an elaborate water-su])i)ly equipment 
which is often more intricate and therefore more difficult to design 
than that for a town of good size. Large buildings, like those 
mentioned, may be aptly considered as small communities, whose 
many needs and requirements for comfort and convenience must 
be carefully studied and provided for by the engineer, if the build- 
ing is to be considered suitable for the purpose for which it is erected, 
and if it is not to prove commercially a failure, where it contains 
offices let to tenants. A large amount of study, care, skill and prac- 
tical experience is required to lay out and provide an efficient 
water-supply plant for such buildings. 

Water is required in them for many and varied purposes, such as 
for drinking at sinks and drinking fountains; for the daily ablution 
in lavatories, bath tubs, shower and spray baths; for washing pur- 
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poses, in the laundry; for the cooking operations; for the supply 
of the heating boilers; for the running of the hydraulic elevators, 
for the ammonia condensers of the refrigerating plant and also 
for the ice-making apparatus; for the flushing of water-closets 
urinals and slop-sinks; for the washing of windows, cleaning o 
floors and scrubbing generally; for the sprinkling of sidewalks, 
courts and yards; for ornamental fountains; for watering flower beds, 
gardens and lawns, and last, but not least, for fire-extinguis ing 

’^Torsome of the purposes named hot as well as cold water are 
required, and for drinking purposes the water is frequendy cooled 
arLially. Special apparatus for distilled for ^tenlix^^ ^ 
aerated or carbonated water is required in the modern ^ospita . 
Sometimes water of diflerent degrees of purity is provided for 
thus, deep well water, even if unsuitable for drinking, inay b 
utilized for the ammonia condensers and for the washing of floo 
and windows; a salt-water supply is in some cases provided for 
bathing, for flushing out the fixtures of toilet rooms and for spr 

ling and fire service. , 

Requirements for a Water Supply. — Whatever the character of 

the water supply may be, three matters of paraxnount importance 
interest us, namely, the quaUty, the quantity, and the 

The water must be pure and wholesome, it must be available 
ample volume and it must flow on all floors of the building un er 
a good though not excessive, pressure. In a weU-designed wa er- 
supply plant ^ three conditions must be fUlfiUed. Where only one 
or two are provided for, while the others are lacking, the system 

is necessarily more or less imperfect. 

In arranging for the supply of city buildings, we are compel 
.oSke theLL. a, it comes from the street mains, unless ,e choc, 
to take the rather uncertain course of providing “ 
supply, which more often than not proves a failure. _ If we take t 
citf water, we cannot control any of the three requirements named 

""^Ttiie quality of the water is not above suspicion, it should noL^e 
used for inking purposes without previous ^It^^^tion o’: ' 

if the water is full of suspended impurities or muddy and turbid, 
it will foul the house pipes and tanks and leave deposits in t e s earn 
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boilers, and therefore means must be provided to clarify it by strain- 
ing it in large filters. 

If the pressure of water is insunicicnt, it will fail to supply more 
than the lowest floors directly, and tlic bulk of the water used in the 
building must be pumped. If the street mains are too small, the 
quantity available per minute will be insufllcient. and i)rovision 
must be made in the building for the storing up of a large volume 
in storage tanks (both in surge tanks and in house or pressure tanks) 
in order to maintain a sufficient supidy during tlie hours of maximum 
consumption, when the supply available from the city connection 
is usually the smallest. 

Water supply Equipment. — Tlie water-supply plant for large 
buildings comprises: 

(a) corporation taps or large branch connections with the street 
mains; 

(b) service pipes to bring the i)ublic supply into the buildings; 

(c) fish traps to prevent any olrstructions such as eels or fish 
in the street mains from getting into the meters and house 
pipes; 

(d) gate and check valves to control and sluit olT the entire supply; 

(«) water meters to measure the consumption for the purposes of 

establishing the water charges or rates to be i)aid by the owner; 

(f) water-filtering airparatus to clarify and render suitable for 
general use the entire water sui)plit‘d by tlie street mains; 

(g) suction or surge tanks into which water flows from the street 
connections, to be stored and made available for tlu' ])umps; 

(h) water-pumping apparatus, comprising liou.se and fire pumps 
to make the water available for the up]»er stories and for lire service; 

(i) storage tanks to cause a flow of water under suitable jiressure, 
the storage being eflected by either roof and intermediate tanks 
or by pressure tanks; 

(/) water-distribution lines, forming either a header or a circuit 
system with the necessary controlling valves; 

(k) supply risers for cold and hot wafer and liranches to the 
plumbing fixtures; 

Q) to which are often added circulation lines for the hot water; 

(m) besides numerous other accessories, sucli as hot-water 
heaters, with sight or recording thermometers and thermostats. 
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gauge boards with steam-, air- and water-pressure gauges, air com- 
pressors and air-storage tanks; 

(n) and finally the necessary fire-protection and fire-extinguish- 
ing apparatus, comprising fire pump, inside lines of standpipes, 
with fire valves, hose and nozzles, reels or racks to support the 
hose, and outside or street connections for the fire department. 

Before taking up more in detail some important parts of such a 
water-supply plant, a few general considerations regarding quantity, 
quality and pressure may be helpful to a correct understanding of 
the subject. 

General Considerations. 

Amount of Water Required. — In planning the water supply for 
a proposed large building the first thing to determine is the maximum 
daily amount of water required. This will necessarily depend upon 
the character of the building, its size, number of stories, and the num- 
ber of tenants, both temporary or transient and permanent.^ Where 
the building is intended for occupancy day and night, as, for instance, 
in the case of a hotel or a hospital or other institution, a larger volume 
of supply is required than where the building is occupied for only 
a certain number of hours per day, as in an office or commercial 
building. It is furthermore a matter of observation and record that 
the consumption of water in a building increases with the number 
of plumbing fixtures provided. The greater the number of faucets 
or taps, the more water will be consumed, or rather wasted, through 
faucets carelessly left running. 

A fair and generous average allowance for domestic consumption 
per capita per diem would be sixty United States gallons of water. 
If the total number of persons occupying the building can be ascer- 
tained beforehand with any degree of accuracy, the supply required 
by them can be estimated, but to this quantity should then be added 
the supply for the boilers, which is very large where steatn is generated 
not merely for heating but also for power purposes, the supply 
required for high-pressure boilers being at least four gallons (30 lbs.) 
per horse-power hour. A further increased allowance must be made 
if the building is to contain a refrigerating plant, for if this is kept 
, constantly running, as is usual where refrigerators and ice boxes 
are kept cool by brine circulation, the amount of water consumed 
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is sometimes very large, being from il to 2 gallons of water per 
minute per ton of refrigeration, according to the temperature of 

the water. ■ . , , 

In large buildings it is also of much importance to keep an abun- 
dant supply of water under suitable pressure available for fire- 
extinguishing purposes, besides a further supply in large surge or 
suction tanks to be drawn upon by the pumps. 

Consumption of Water. — It is a matter of record that the more 
plumbing there is in a building, the higher will be the per capita 
consumption and likewise the proportion of preventable waste. 
Excessive waste of water does not occur m tenements or homes 
of the working class, but rather in houses of well-to-do people. 
Among other buildings where water is used most lavishly are the 
hospitals for insane patients, the consumption running sometimes 
as high as 150 and even 200 gallons per jierson daily. 

According to recent sewer gaugings, the consumption at the K-ings 
Park, L.I., State Hospital, including the laundry water, was 132 
gallons per person per day, and at the State Insane Hos])ital of West 
Virginia it was 91 gallons. These figures are obviously below the 
actual consumption for the reason that water used for sprinkling 
lawns, washing carriages and stables and watering horses and 
cattle does not reach the sewers. 

In a recently opened large general hospital in New York City 
the writer found, by actual meter measurements, the per capita 
daily consumption to be at the rate of 305 gallons, a veiy excessive 
consumption, due partly to unusual carelessness in keejiing faucets 
running, and partly to the running of an ice-making and refrigerating 
plant. 

In one of the lately completed large New York hotels the average 
daily amount of, water used for all puriwses, including refrigerating 
plant, elevator machinery, heating and power machinery, as ascer- 
tained by actu'al meter measurements extending ovc:r a whole month, 
was 18,665 cubic feet, or 140,000 U. S. gallons. 'I'lie average total 
population during the same month was 425, including em])loyecs, 

making a per capita consumption of 321; U. 8. gallons. 

425 

Deducting from the above total daily supply the very large amount 
used by the refrigerating plant (9370 cubic feet), and also from 
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1000 to 2000 cubic feet for the boiler feed water, this leaves from 
729s to 8295 cubic feet or from 54,712 to 62,212 gallons for the 
direct use of guests and employees, which is equivalent to from 
128 to 146 gallons per capita per diem. 

Waste of Water. — The annual reports of waterworks superin- 
tendents of cities are full of complaints about the waste of water, 
which goes on not only in winter time to prevent plumbing from 
freezing, but at all other seasons. It is this constant waste, due 
either to willful negligence or to defective and leaky plumbing, 
which causes the exorbitant consumption of water of many Amer- 
ican cities. In one recent report on waste of water, it is stated that 
“where no charge is made for water used in public buildings it 
often happens that little or no attention is given by the officials in 
charge to prevent the extravagant use or waste of water. For this 
reason the quantity used is sometimes very large." Public and 
private institutions, which receive the water free of charge, are apt 
to overlook the fact that the water which they so recklessly waste 
represents to them a considerable money expenditure in their con- 
sumption of coal, first, for the pumping of the largest part of the 
water to tanks, and second, for the heating of from one-third to 

one-half of the amount. • 

Water used with the ammonia condensers of a refrigerating 
plant should never be allowed to run to waste into the sewer, yet 
this waste occurs in some buildings. Being clean water it can gen- 
erally be utilized either in the feed-water heaters for the steam 
boilers, or it can be pumped into the hot-water tanks. It should 
not, however, as has been suggested, be used for the flushing of 
plumbing fixtures, for it is warm water at from 80 to 90 degrees 
Fahrenheit, and experience has shown that the use of it for flushing 
water-closets, urinals, and slop-sinks is objectionable. Either cold 
or very hot water should be used for this purpose. 

Regarding waste of water by faucets carelessly left running, 
few water takers stop to think that “sufficient water will flow in 
• 24 hours through an orifice no greater than a lead pencil, under 
an average pressure, to furnish an ample domestic supply for 
360 persons, and that more water will flow through an orifice the 
size of an ordinary pin than would be used by a fairly economical 
family of 5 persons.” (See also Table No. XI.) 
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In the face of such indisputable facts regarding water waste, 
would a conscientious engineer be justified in making allowance for 
an expected extravagant waste of water in the figures which he uses 
as a basis for the calculation of the principal dimensions of a pro- 
posed plant for a building ? 

Waste of water is both wanton and costly; it must be reduced or 
kept down, and the best way to accomplish this is to charge for the 
water by meter rates. No engineer should use figures indicating a 
very wasteful use of water in designing or laying out a water plant. 

“ The habit of wasting city water by people whose supplies are not metered 
. is too deeply fixed to be easily uprooted. A few years ago a faucet in one of the 
public halls of Brooklyn was left open through a winter water famine, and 
it is a matter of record that the consumption flies up during every cold snap 
because people insist on leaving their taps open at night to prevent their pipes 
from freezing. The normal consumption of water per capita tends to increase 
steadily and should increase. The increase of bath tubs and the increased use 
of them are factors in the maintenance of the public health. But if, in addition 
to this desirably lavish use of public water, we are to face a widespread and 
growing waste from people who let the city water run directly down the sewers, 
nothing smaller than Lake Superior will do for the ultimate supply of New 
York. To prevent such wholesale waste we may have to come to a general 
adoption of water, meters. They would tend to reduce consumption in some 
cases where it should not be reduced.” 

By the foregoing article, quoted from the Brooklyn Daily EaglCj the Water 
and Gas Review calls attention, among other things, to “ a feature of water 
waste that is attracting the attention of public officials in all the large cities 
of the country, viz.: the waste of water in public buildings, schools, in.stitu- 
tions, etc., which, in every locality where it prevails, is, beyond question, a 
heavy contributor to the general excessive consumption. Municipal economy 
in the use of a public water supply is very much like municipal economy in 
many other particulars. "With the rapid growth of cities the difficulty of obtain- 
ing and maintaining an adequate supply of good water becomes a very serious 
one. Many cities have to go a long distance for their supplies, spending vast 
sums of money in the building and maintenance of conduits. Careless and 
unrestricted use of water causes these conduits to reach the limit of their 
capacity long before they should, and necessitates the building of new lines 
and very often the procurement, at heavy expense, of new sources of supply. 
It is safe to say that nearly all cities haveTo meet an enormous financial outlay 
for pumping considerably more water than is required for legitimate use.” 

“ The waterworks oiBficials of a city of Western New York discovered a few 
years ago that the consumption was fast reaching that limit, making it neces- 
sary for them to take immediate steps to reduce the consumption by stopping 
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all waste possible, thus prolonging the usefulness of the conduit. This led to a 
study of methods by which this reduction could be accomplished. The matter 
of public waste was taken up and the public schools of the city were selected to 
inaugurate the movement. There were thirty-four of these buildings, and after 
a test of about six months with a meter on each, a wide variance in daily con- 
sumption was shown, ranging from about 2 to about 500 gallons per pupil, 
showing plainly that there must have been very great waste. In one period of 
three months it was shown that the average daily consumption was about 20 
gallons, or two-thirds of a barrel of water for each pupil. The average number 
of gallons used daily in all of the schools for the three months was about 
450,000 gallons, or 3.6 per cent of the city's entire consumption, and repre- 
sented a value, figured at the rates charged there, of about $1000 per month. 
No compensation was received by the water department for water used for 
municipal purposes. 

Little or no effort had, apparently, been made, prior to the introduction of 
meters, to prevent waste of water through defective fixtures, and it was further 
shown 'that such waste not only occurred during the time the schools were in 
session, but was also allowed to continue during vacation periods. After the 
placing of the meters the water was turned off from the buildings during all 
vacations. This fact made it evident that the use of water in the schools before 
they were metered was even greater than the record showed. There is no 
doubt that most of the waste, in schools is due to lack of proper care of plumb- 
ing and to carelessness of children in leaving water running from the faucets. 
To remedy these conditions a thorough inspection of each school should be 
made with regard to the condition of the fixtures and to ascertain what circum- 
stances exist that might tend to increase or decrease the legitimate use of water, 
and from this basis a reasonable per capita consumption of each school be 
arrived at. Whenever this consumption is exceeded to any large extent, the 
school officials should be held responsible. Through the hearty cooperation 
of both water and school officials in this matter there could be effected in every 
city a very great saving of water. 

The same conditions that exist in the school buildings are found in other 
public buildings, and the same cooperation between those who are responsible 
for their care and maintenance and the water department would soon remedy 
the water-waste evil. 'Even public officials and their subordinates should be 
educated to realize the fact that the process of furnishing water for municipal 
purposes is one of pouring water in great volume into one end of a conduit from 
which it dribbles at a thousand different points and in almost as many ways. 
The problem is to furnish an ample supply for legitimate uses and to stop the 
waste at every point possible.” 

The water registrar of New York City in his report for 1906 traced the 
enormous waste of water annually occurring in the city to 

(1) Leaky faucets and fixtures; - 

(2) Improper arrangement of pipes of the hot-water system; 
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(3) The installation of hot water supply systems without proper circulation; 

(4) The use of water in testing the rough work in new buildings; and 

(5) The continuous flow of water at many watering-troughs for horses and 
at drinking-fountains. 

His report also states that in 90 per cent of the buildings inspected the flush- 
ing tanks and valves were of inferior quality, and a very cheap grade of brass 
castings was used. 

He suggests either to compel owners to put in a better quality of water 
fittings, or to meter the entire premises. He also calls attention to the fact that 
frequently hot- and cold-water pipes are run side l)y side throughout the 
premises, so that a person wanting to draw cold water has to waste several 
gallons before the water runs sufficiently cold. He points out a defective 
arrangement which is quite common, and to which 1 have referred elsewhere in 
this book, namely, that systems of hot-water piping in buildings are numerous 
where the circulation pipe is entirely lacking, so that wlien one wishes to draw 
hot water one has to waste a large amount before the water runs quite hot. To 
remedy these defects he advises the installation of circulation pipes, and the 
insulation of all hot-water pipes with proper non-conducting covering, so that 
the hot-water pipe will not heat up the adjoining cold-water pipe. All of 
which is, of course, nothing new, but it is praiseworthy to find the subject so 
ably discussed in an official report. 

Estimates of Amount of Water to be provided. • — In a recent 
engineering discussiop, the following rough estimates of daily 
allowance for water in office buildings was given : 

gallon per square foot of office space for ablutions (sinks, 
lavatories) . 

gallon per square foot of office space for flushing water-closets 
and urinals. 

-A- gallon per square foot of office space for the refrigerating 
plant. 

It would seem to me to be better to base calculations on the num- 
ber of plumbing fixtures, or upon the number of occupants, or both, 
rather than to average them by the floor space. 

Water Taps and Services. — The data and facts mentioned should 
guide an engineer in the determination of the sizes and number of 
water taps, or of the branch connections for the mains. It is also 
necessary to take into consideration the size of the street main, and 
whether the main is a low- or a high-pressure main. Lastly, the 
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length of the service pipe or house connection plays an important 
part in the volume of supply, for the longer the service or branch, 
the greater will be the friction of the water flowing through the pipe, 
and the less volume of water will be discharged at the end of a pipe 
of given size, under the same pressure. For instance, a two-inch 
lead or iron service pipe, 35 feet long, will discharge under 3° Po^^s 
pressure 250 gallons of water per minute, but if the length of toe 
service pipe is increased to 100 feet, the other conditions remaining 

the same, it will supply only 160 gallons.* 

The ordinary size of tap permitted by Water Depa.rtments for 
a private dwelling is one-half or five-eighths inch in diameter; for 
larger mansions three-quarters and one-inch taps are conceded usu- 
ally upon the condition that the water be supplied by meter meas- 
urement. In some cases, the man with a big political pull is able to 
obtain a larger water tap than another man without such affilmtion. 
Such sizes are, of course, quite inadequate for the supply of the large 



Fig. 172. Connection of Service Pipe with Water Main by Corporation Stopcock. 


buildings to which reference is made in this chapter. For these 
the sizes of taps vary from two to four inches Often more th^ on 
such large tap is required. Where the building eMends from one 
street to a parallel street in the rear, it is a good plan to provide 
tap in each of the streets, so that when one street mam is temporari y 

* See Table of Flow of Water in House Service Pipes, in Kent’s Mechanical 
Engineer’s Pocketbook, p. 57^- 
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shut off for repairs or for making connections, the building shall* 
continue to receive its supply from the other tap. It is also well to 
remember that at least twenty-five per cent more water may be 
obtained by enlarging the service pipe immediately on the house 

side of the street tap. (See Fig. 172.) 

Examples. - For a large group of hospital buildings occupying 
an entire city block the writer provided for four four-inch connec- 
tions but the Water Department having refused permission for this 
contemplated supply, and having authorized the insertion of only 
four two-inch taps or branches, each service main was increased to 
four inches, so that four four-inch mains were brought into the pump 
room, thereby securing a much larger suiiiily of water. In a hotel 
building having nineteen stories above the street and foui stories 
below the street or sidewalk level, the Water Deiiartment granted 
the use of two two- and one four-inch branches, which were enlarged 
to four and six inches respectively to insure a belter and more 
abundant supply. For another still larger liotel two four-inch and 
one six-inch connections were provided. I' or a couithouse and 
post-office building, occupying a floor area of 3(),.4oo scpiare feet 
(an entire city block), four two-inch taps and one fout-inch connec- 
tion (the latter for the boiler plant) were planned. 

Some curious stories are related regarding the provision of, or 
rather the failure of providing, water taps for buildings. In one 
case, quoted below, an “honest ” plumbing contractor faileil to con- 
nect the building with the street main, while in the sea>nd instance 
a mistake was made by tapping the street gas mam instead of the 
water main, 

left the hotel 


liotel at 


“ Many of the patrons of the new — 
because there was no water in the houst'. T\w hoivl was lu^vyr nnnu'cted 
with the water main, and since its o^Hming water had been supplu‘d by means 

of a bucket service from a near-by fire hydrant. The Waler ('cunmissioncrs 
ordered the discontinuance of this method. 'I'he liotel rost nearly a (juarter 
million of dollans, but the man who had the plumbing loutract, anil who had 
been paid in full, had failed to connect the hotel with the water mam in the 

street 

“ An intere.sting story of a Connecticut iilumber who by rea.son of his alert- 
ness and skill made a ludicrous mi.stake is being told by his friends, 
resident who wished his house plumbing system of water suiiply connectea 
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with the city mains had a plumber do the tapping, which he executed skillfully 
and quickly, and on going into the house opened the kitchen faucet, expect- 
ing to have a rush of air and then a gush of muddy water, but instead the air 
rushed out in an undiminished volume and filled the house with an odor far 
more objectionable than any city water. Looking around for the mistake, the 
journeyman touched a lighted match to the faucet,, and immediately a bright 
flame shot up, lighting the house and giving the plumber considerable enlight- 
enment at the same time, for he had tapped the gas instead of the water main.'’ 

Capacity of Filters. —Where the supply is to be filtered, the 
available quantity will depend primarily upon the capacity of the 
filters selected. These should therefore always be chosen generous • 
in size and sufficient in number. The service connections should be 
as short as practicable, and therefore filters and surge tanks should 
be located in the cellar or sub-basement near the outer walls of the 
buildings. 

Suction Tanks. — Suction tanks are provided for various reasons, 
to store a supply of filtered water available for the pumping plant, 
to prevent the pumps from drawing directly from the filters, which 
practice is not advisable, and also to prevent the pumps when work- 
ing from interfering with the direct supply to the fixtures in the 
lowest stories of a building. Surge tanks may be either open or 
closed tanks, and both kinds have advantages and disadvantages. 
The supply, if filtered, remains uncontaminated when stored in 
closed tanks, and such tanks are also generally preferred as suction 
reservoirs for the pumping machinery. Open tanks, of course, 
require the supply to be controlled by several ball cocks or else by 
large float valves. 

Delivery of Water through Taps and Services. The delivery of 
water from taps of various sizes, under various pressures and for 
different lengths of service pipes, is calculated from hydraulic for- 
mulae or else determin'ed by means of tables or diagrams. (See 
Diagrams, Plate 5 in Chap. I and 17 in Chap. VIII.) 

Diagram Plate 6 is reproduced, by permission, from Hubbard 
and Kiersted’s recent book on “Water Works Management and 
■ Maintenance ” (John Wiley & Sons, 1907), and gives the discharge 
of service pipes for long lines of pipe having a very smooth intenor 
surface similar to that of lead pipe. This diagram has been 
plotted from the results given in Edmund Weston’s tables. The 
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Diagrams. - • 'Fhc results of the calculations wen* plotted in the 
diagrams 7 and 8 for two lengths of service pipes, viz., 74 feet and 
58 feet. I'he third diagram, Plate ij, is hast-d upon the fact that the 
discharge for ditTerent lengths of pipe varies inversely as the square 
root of the lengths, and is useful in finding discharges of service 
pipes of other than the above lengths. 

The curves of discharge given in these diagrams e.'chibit clearly 
the advantage secured by increasing the diaineliT of the service 
pipe over and above the size of the tii[). 

There is but one slight disadvantage in using large-sized service 
pipes where a building is supplied directly from street pres- 
sure, and that is that more water remains dead in the pipes 
while no water is drawn, so that it is necessary to withdraw and 
waste a larger amount to get a supiily of fresh water from the street 
main, where the water is constantly circulating. 

Inasmuch as the curves for three iiuarters-inch and one-inch 
service pipes in Diagrans Plate 7 come rather close together, and in 
order to enable the reading of the discharges with greater clearness, 
I prepared Plate 8 for three-quarters-incli pipes .and ^ inch taps, 
the curves in both diagrams being computed and plotted in the 
same manner as in the larger diagram. 

Plate 23 in the Appendix gives a usefid graphical representation 
of the e([uivalents of pounds pressure and pressure head in feet, 
and of discharges in cubic feet per minute and in United States 
gallons per hour. 

Tables. — Table No. IX was published some yeiirs .ago by 
William Rotch, Chief Engineer of the Fall River WiUerworks, and 
gives the quantity of water, in gallons per minute, delivered by 
ser^dee pipes of various sizes from one -half inch to four inches, 
under various pressures. 11 repre.senls the ht)a(l of water and 
L the length of pipe, in feet. 

Table X was calculated by mo from data given in (he “Hand- 
buch der Ingenicur-Wissenschaften,” base<l upon the Rutter for- 
mula with a coefTicient of roughness corresponding to old pipes. 

The amount of water delivered by old pipes with rough interior 
surface and full of incrustations, acc.ording to this table, is very 
much smaller than that given by the usual diagrams or tables which 
suppose the pipes to be clean and new. 
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Table No. XI gives the discharge in United States gallons per 
minute, and m 24 hours, through different sized orifices (not pipes), 
under different heads. The table is taken from the thirty-first 
Annual Report of the Dayton, Ohio, waterworks. 




Loss of Procure in Lbs. 
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Table No. XII gives the discharge in gallons per hour of street 
sprinklers and fountains. It was computed by J. Nelson Tubbs, 
Chief Engineer of the Rochester, N. Y., Waterworks from formula 


Q = 37-548 


VH X D’ 




L + 35-47 


Z)° 

M^d* 


in which Q = cubic feet per second, 

H = head, 

D = diameter of service, 

^ d = diameter of nozzle, 

L = length of service, 

M == coefficient of discharge, taken at 0.90. 


The table is calculated for a head of 90 feet. 


TABLE XII. 


Size 

of Service. 

Size 
of Jet. 

Length of Service or Hose. 

100 ft. 

150 ft. 

200 ft. 

U. 

S. Gallons per Minute. 

^ inch 

J inch 

299.40 

253-92 

224.48 

f 

tc 

cc 

420.66 

372-50 

337-69 

i 

cc 

cc 

522.27 

485-87 

456.16 

I 

i( 

cc 

536-43 

528.04 

518.71 

h 

cc 

i “ 

142.74 

136-83 

131.61 
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cc 

cc 

151-53 

148.99 

. 146-37 
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cc 

cc 

155-11 1 

153-95 

153-03 

I 

cc 

cc 

156.76 

156-50 

156.21 

h 

cc 

iV “ 

39.06 

38-93 

38.86 

f 

cc 

cc 

39-23 ^ 

39.18 

39,09 

i 

cc 

cc 

39-29 

39-27 

39-25 

i 

cc 


II .02 

II .02 

11.02 

1 

cc 

cc 

II .02 

II .02 

II .02 


Table No. XIII gives the height and discharge volume of jets 
or fire streams in feet under different heads and through nozzles 
of various sizes, and is condensed by me from the elaborate tables 
prepared by John R. Freeman, C. E. 






liO^ of Pressure In libs. 




)TH nozzles 

Gallons per Min. 
per S(3,nare Incli at Nozzle 


M. 


110 130 150 1'70 190 
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Diagram Plate 10 exhibits the relation between pressure, altitude 
and discharge of fire nozzles in graphical form, the curves of dis- 
charge being plotted by John W. Hill, C. E., of Cincinnati. 

Still another convenient exhibit of the flow of water in small pipes 
is given in Table XIV, taken from Collet’s work on “Water 
Softening and Purification,” the British or Imperial gallons being 
changed by me to United States gallons. 

The curves in Diagram Plate ii were plotted for me to find at 
a glance the required theoretical horse power of small pumps, where 
the pumping head and the amount of water to be pumped are given. 

Quality of Water. — The quality of the water delivered by the 
street mains is often far from satisfactory from a sanitary point 
of view. To overcome this fault, it has become a common practice 
to filter the entire supply as it enters the building through the service 
pipe, except possibly such connections as outside sill cocks, hose 
bibs for window washing, etc. Filtration is nearly always accom- 
plished by so-called mechanical or closed pressure filters; the open 
or gravity filters, which are used in waterworks systems, are not so 
well adapted for use in buildings. 

Water Filtration. — Mechanical filters consist of either wrought 
or cast iron cylinders, set up singly or in batteries of two. (See Fig. 

1 71, Chapter V.) They are filled with sand, charcoal, or some 
other filtering medium, and sometimes an alum-feeding attachment is 
added, which is used at times when the water is more than usually 
turbid or “roily.” The process of filtration in such apparatus is 
largely a straining process, which clarifies the water without, how- 
ever, rendering it germ-free. It is nevertheless worth considering, 
because it makes the water better adapted for use in the steam 
boilers, prevents the usual disagreeable deposit of mud in the house- 
tanks and in flushing cisterns, and keeps the supply pipes clean, 
thus, in a measure, preventing the loss of pressure in them. 

The continuous good working of a filter depends upon the fre- 
quency with which its periodic cleansing and washing is attended to. 
This washing process is somewhat tedious and slow, and requires a 
large volume of water to clean the filter beds thoroughly. Unless 
the washing of filters is faithfully and regularly performed, the filter 
batteries soon loose their efficiency. A pressure gauge attached to 
the water main before it enters, the filter, together with a second 
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gauge on the main carrying the filtered water, will at once indicate, 
by the loss of pressure, whether or not the filter requires washing.^ 

For the drinking-water supply, which is comparatively small in 
volume, the best practice calls for special germ-proof filters, such as 
filters in candle form, made of infusorial earth, like the Berkefeld 
filter and others, or else natural stone filters are used, usually iii con- 
nection with a plant for cooling the water. These, too, have to be 
frequently cleaned and sterilized from time to time, and it is well to 
bear constantly in mind that a so-called “germ-proof” filter does 
not really exist. 

It would seem at first glance desirable that a municipality should 
provide filtration works rather than that it be left to the individua 
water consumers to filter their supply. Unusual precautions must 
be observed, however, where the entire supply for a city is filtered, 
to keep the water pure after filtration. To protect fhe filtered water 
against contamination, it must be stored in covered storage reser- 
voirs, which involve quite an expense in construction. In open 
storage reservoirs, the filtered supply would nearly always becoine 
exposed to further contamination, and where the water mams in the 
streets are old and full of deposits of mud, clay and iron rust, the 
filtered supply soon becomes turbid and dirty, and as dehvered into 
buildings it would, in most cases, necessarily have to ht refiltend 
before being suitable for use. Hence in some instances it is advisa- 
ble to provide two supplies, one for potable water, the other for such 
uses of water where filtration seems to be unnecessary. Instances 
may in this way occur when it would be more economical not to filter 
the entire supply for a city, but to leave the purification of a part 
of it to the individual owners of buildings. There seems to be no 
reason why this should not even be regulated by law. If health 
regulations can compel a landlord to abolish cesspools and wells, 0 
provide soil and vent pipes and traps, to install water-closets with 
cistern flush, what is to prevent their going a step further and 
requiring the drinking-water supply to be filtered? 


